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A NEW HIGHWAY TUNNEL UNDER THE THAMES RIVER closely resembles the one under construction at communication below the bridge. During the 
\ Nt 


AT LONDON, ENGLAND. 
By E. H. TABOR, M. Inst. C. E.* 


» bed of the river Thames within the county 
ef London is now traversed by 13 tunnels, par- 
ticulars of which are given in the table on page 
«od. Unsuecessful attempts to tunnel under the 
river were made in 1798 and 1805 and the cele- 
brated Thames Tunnel was commenced in 1825. 
This (like all the later 


Rotherhithe, was opened in 1897, and the Green- 
wich footway tunnel in 1902. 
THE ROTHERHITHE TUNNEL. 

The construction of this tunnel was under- 
taken by the London County Council in con- 
tinuation of the policy first adopted in 1877 by its 
predecessor, ‘the Metropolitan Board of Works. 
At that time ten bridges crossing the Thames 
west of the city district were freed to the public 


tunnels) was constructed 
by the aid of a shield, 
but it differs from its 
successors in being built 
of brickwork and being 
rectangular in cross sec- 
tion. The outside width 
of the brickwork is 37 
ft. 6 ins. and the height 
22 ft. 3 ins. The tunnel 
consists of two separate 
passages, with a dividing 
wall pierced by numer- 
ous openings. It was in- 
tended for highway pur- 
poses, but since 1865 it 
has accommodated the 
two tracks of the East 
London Ry. Great diffi- 
culties beset the work, 
the river breaking in on 
several occasions. After 
; one of these irruptions 
: ’ the work was stopped for 
ae Seven years, but it was 
again started in 1835 
with a new shield and 
completed in 1842. 
Though its completion 
reflects the greatest 
a credit upon the celebrated 
: engineer, Sir I. K. Brunel, 
who designed and carried 
3 out the work in the face 
of great difficulties, the 
Thames Tunnel was 
Ver a success financial- 
2 ly. Partly, no doubt, for 


this reason 26 years were 
allowed to elapse before 
another tunnel was un- 

: dertaken. In 1869 a 
Fs small subway 7 ft. 1% 
3 ins. diameter was con- 
structed under the river 
near the Tower of Lon- 
don by Mr. J. H. Great- 
head. This was the first 
4 tunnel to be built entirely of cast iron and sur- 
4 rounded by an envelope of lime grout. After a 
3 further period of 18 years the City & South Lon- 
don Ry. constructed twin tunnels near London 

3ridge and since then six other tube railway tun- 
nels have been made under the river. The 
d Blackwall Tunnel, for highway traffic, which 
“Resident Engineer for the London County Council (in 


ined the Rotherhithe Tunnel work), London, Eng- 


SOUTH APPROACH AND PORTAL OF ROTHERHITHE TUNNEL (WITH BRIDGE OVER 
THE APPROACH TO THE ORIGINAL THAMES TUNNEL). 


at a cost of $7,500,000. It was seen at the time 
that this expenditure, which was provided by the 
ratepayers of the whole of London, bore hard on 
those resident in the East End, to whom the free- 
ing of these bridges was of little advantage. The 
great cost of bridging or tunneling the river 
below London Bridge, up to which navigation is 
open for sea-going vessels, caused considerable 
delay in the development of new schemes for 


last 20 years, however, four free crossings of the 
river have been provided: the Tower Bridge, the 
Greenwich and Blackwall tunnels, and the Wool- 
wich free ferry. On the completion of the 
Rotherhithe Tunnel the inhabitants of London 
east of the City will be provided with five means 
of crossing the river against eleven west of the 
City, and the conditions will be more nearly 
equalized than in 1877. The number of bridges 

above London Bridge was 
then the same as at 
present, while below that 
point no free crossing at 
all existed. The only 
means then provided 
were the small Tower 
Subway, the East Lon- 
don Ry. (Thames 
nel,) 


Tun- 
ferries at 
Greenwich and Wool- 
wich, and watermen's 
rowing boats which were 
largely used in places. 

A distance of over five 
miles by the windings of 
the river separates the 
Tower Bridge and the 
Blackwall Tunnel, and it 
was thought desirable to 


steam 


provide a means of cross- 
ing between these points. 
There are docks extend- 
ing practically the 
distance on one 


whole 
side or 
the other, and to cross 
these by either tunnel or 
bridge would be almost 
impossible. The only line 
on which a tunnel could 
be built at about the 
position desired was the 
one adopted for the Roth- 
erhithe Tunnel. At 
Shadwell and Rother- 
hithe, on the north and 
south sides respectively, 
the London & India 
Docks Co. and the Surrey 
Commercial Docks Co. 


have entrance locks al- 
most opposite each other. 
by adopting an oblique 
crossing for the line of 
the tunnel, it passes 
east of the former 
and west of the latter 
docks, and although a 
longer subaqueous tunnel is required, it con- 


forms better to the direction of the approaches 
than a direct crossing would have done. This is 
shown by the map and profile in Fig. 2. The 
approaches are necessarily inclined to the line of 
the river, in order that they may reach by rea-~ 
sonable grades the main thoroughfares in which 
they terminate. 

The tunnel will provide a means of communi- 
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TUNNELS UNDER THE RIVER THAMES AT LONDON, ENGLAND. 
No. of 


Outside Date of 
Tunnel. Location. Tunnels. Diameter. Completion. 
i 

Thames Tunnel (now railway)... Rotherhithe to Wapping ........... 1° Rect* 1842 
2. Tower Subway (footway)........ Below London Bridge. . ‘6 1 7 3% 1869 
3. City & South London El. Ry....Above London Bridge. . 2 10 11 1887 
4. Blackwall Tunnel (highway).... Blackwall ............ 1 a 1896 
5. City & South London El. Ry....Below London Bridge.... 2 12 1898 
6. Waterloo & City El. Ry........ Above Blackfriars Bridge 2 13 a 1898 
7. Greenwich Tunnel (footway)....Greenwich 1 1901 
8. Baker St. & Waterloo El. Ry....Above Charing Cross Bridge ....... 2 12 9% 1902 
9. Rotherhithe Tunnel (highway)...Rotherhithe to Ratcliff............. 1 300=C«t 1903 


*Two arched openings separated by a partition wall having numerous openings. Size, 37 ft. 6 ins. x 22 ft. 


3 ins. outside of brick masonry. 


cation for vehicles and foot passengers between 
the large and important districts of which 
Stepney on the one side and Rotherhithe on the 
other are centers. At present the shortest route 
between the points at which the approaches join 
the existing streets is by way of the Tower 
Bridge; this is over three miles in length, through 
most congested districts. By the tunnel the dis- 
tance will be 1.3 miles. An alternative route is 
by the Blackwall Tunnel, in which case the dis- 
tance is about six miles. On either side of the 
new tunnel lie docks, wharves and warehouses of 
great importance, and it will afford a direct route 
from the Surrey Commercial Docks to the north 
and east parts of London. Advantage has been 
taken of the demolition of property necessary 
for the approaches to carry out considerable 
street improvement work. A new street has 
been formed in Rotherhithe, and several more 
on the north side of the river are being widened 
as part of the scheme. Most of the buildings 
pulled down were old and dilapidated. Under 
the Act of Parliament authorizing the scheme, 
the London County Council has to provide housing 
accommodation for persons displaced. For this 
purpose three blocks of artisans’ dwellings with 
a total capacity of 2,640 persons have been 
erected. 

GENERAL DESCRIPTION.—Commencing on 
the south side of the river in Lower Road, 
Rotherhithe (Fig. 2) the approach of the tunnel 
descends in open cutting for a distance of 934 
ft., crossing the East London Ry. by a bridge. 
It ther enters the cut-and-cover portion of the 
tunnel, which .has a length of 540 ft. and ter- 
minates in No. 1 shaft. At this shaft the road- 
way is 44 ft. below ground level. The cast-iron 
lined, shield-driven tunnel begins here and de- 
scends on the same grade to No. 2 shaft which 
is situated close to the river. A distance of 890 
ft. separates Nos. 1 and 2 shafts, and the tunnel 
passes under a metal refinery and the South 
Metropolitan Gas Works. From No. 2 to No. 3 
shaft is the subaqueous section of the tunnel, 
1,535 ft. long and nearly level, the up-grade be- 
ginning about 270 ft. from No. 3 shaft. At the 
southern end of this section (at No. 2 shaft), the 
tunnel attains its greatest depth; the roadway 
is here 75 ft. below ground level, and the invert 
of the tunnel lining 97 ft. below high water in 
the river. 

From No. 3 shaft the tunnel rises on the same 
grade to No. 4 shaft, a distance of 1,155 ft. and 
passes round a curve of 800 ft. radius. The tun- 
nel for the greater part of this distance is under 
buildings. The total length of the cast-iron lin- 
ing is 3,580 ft. North of No. 4 shaft is a length 
of 600 ft. of cut-and-cover. This is followed by 
the open approach, which is 1,186 ft. long and 
terminates in Commercial Road East. The total 
length of tunnel and approaches is 6,883 ft., or 
1.3 miles. 

OPEN APPROACHES.—The open approaches, 
as may be seen in Fig. 3, which shows a typical 
cross section, consist of two side walls and an 
invert, all constructed of 6 to 1 concrete. The 
walls have a batter of 1 to 4 on the face. A 
watertight layer of asphalt 1% ins. thick, ap- 
plied in three coats, is carried down behind the 
side walls and through the invert. Brick parapet 
walls, 8 ft. high, are built on the top of the side 
walls. The roadway is 16 ft. wide between the 
curbs, and the two footways are 6 ft. wide. At 
the deepest points, at the entrances to the cut- 
and-cover, the roadway is about 25 ft. below 
ground level. On the south side of the river the 
approach crosses the Thames Tunnel approach 
of the East London Ry., at Rotherhithe station, 


. 
Station 46 


timbering was necessary. The tunnel is 
in cross section and is built of five rings 
work surrounded with concrete, with a 
asphalt outside the brickwork. 
SHAFTS.—There are four vertica] shat 
on each side of the river. The two dec; 
are sunk as near the river bank as poss! 
the other two at the junctions of the c 
tunnel with the cut-and-cover sections. 
shafts are circular in plan and of simi 
struction. Fig. 4 is a section of No. ° 
They are 47 ft. 8 ins. clear diameter ins 
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FIG. 2. PLAN AND LONGITUDINAL SECTION OF THE NEW ROTHERHITHE TUNNEL UNDER 
THE THAMES AT LONDON, ENGLAND. 


by a plate-girder bridge, 64 ft. span, leaving 
headway underneath for the trains. This bridge 
has a solid trough floor. The old retaining walls, 
which were about 45 ft. high, were cut through 
and the new work substituted without interfering 
with the traffic. This is shown in the view of 
the approach on page 663. 


Granite Coping 


60 ft. over the steel caisson. The caisson has two 
concentric cylindrical shells, 60 ft. and 50 ft. 
diameter, braced together, and having 32 ft. 
openings for the tunnel at the proper positions. 
These openings are lined with steel plating 
rigidly connected to the skins of the caisson. 
The cutting edge is formed by tapering out the 
inner skin to meet the 
outer at the _ bottom. 
About 13 ft. above the 
cutting edge is con- 


“Filling : 


structed an airtight floor 
consisting of a double 
system of intersecting 


plate girders, with their 
upper flanges all in the 
same plane. The spaces 
between these flanges «re 
covered with %-in. buck- 
led steel plates. 

Above the tunnel open- 
ings referred to, provis- 
ion was made in each 


shaft for a temporary 
airtight floor, beneath 
which tunneling under 


compressed air could pro- 
ceed. The tempor.ry 
floors are similar in con- 
struction to the per 

nent floors below, ut 


are so arranged as to be 

easily detachable from 

the caissons. Fig. 5 

Open Cut shaft No. 4 in proces 
Approach. | Gut and Cover. sinking; the two . - 


FIG. 3. CROSS-SECTION OF APPROACH AND 
BUILT IN OPEN CUT. 


CUT-AND-COVER.—Fig. 3 also shows the 
cross section of the work built in cut-and-cover. 
The excavation was taken out to the full width 
and depth and the water drained to a sump at 
the lower end, from which it was pumped, Heavy 


openings for the ¢ el 
are being temp” y 
closed by timber i- 
heads until the caisson has reached its il 


BRICK-LINED TUNNEL 


position. 
The spaces between the skins of the ¢ ns 
were filled with con¢?ete as sinking and er n 


proceeded, and after the final level was ': ed 
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space under the permanent airtight floor 
also filed up solid with the same material. 
| staircases will be built in the two deeper 
« and all four will be covered by circular 
1 roofs to admit light. Provision will also 

.ade for ventilation. 
-T-JRON TUNNEL.—The tunnel proper, of 
a cross section is shown in Fig. 6, has an 
diameter of 30 ft., and is 27 ft. diameter 
i the finished surface of the lining. The 
cl headway in the center of the roadway is 


Floor Line +*/8.50 


ment is provided with a 1%-in. tapped hole for 
grouting purposes. Recesses for rust jointing, 
2 ins. by 4-in., are formed on the inner edges of 
all the flanges. These are calked, first with soft 
lead wire and then with cast-iron borings, as 
the erection proceeds. All the flanges are ma- 


_chined and in the case of the taper rings form- 


ing the curve on the north side of the river each 
ring was bolted together after the longitudinal 
joints had been machined, and the circular 
flanges were then faced in a specially constructed 
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Half Section at Right Angles to C.Line. 


FIG. 4. SHAFT NO. 3 OF THE ROTHERHITHE TUNNEL. 


IS ft. 6 ins. The cast-iron lining, of which de- 
a“ are shown in Fig. 7, is 2 ins. thick in the 
ody in the subaqueous section, and 1% ins. 
“‘sewhere, The heavy lining weighs 41,500 Ibs. 
ber ring, and the lighter section 36,750 lbs. The 
flanges are 14 ins. deep. Bach ring is 2 ft. 6 ins. 
wide, and consists of 16 segments and a key. 
There are 164 bolts of 1% ins. diameter in each 
ring, and the circumferential holes are equally 
spaced all round, so that rings may be built in 
“ny position desired to break joint, Each seg~ 


lathe. The cast-iron segments will be filled up 
with concrete after erection, the exposed surface 
being covered with white glazed tiles. The tiled 
face is 4 ins. beyond the flanges of the seg- 
ments. The lighting of the tunnel will be by 
three rows of electric incandescent lamps. 
ROADWAY.—tThe roadway in the tunnel proper 
and the cut-and-cover sections is carried on a 
9-in. brick arch, leaving a subway 13 ft. 6 ins. 
wide underneath, which can be utilized for water 
or electric mains, The surface drainage from 


the roadway is provided for by pipe drains at 
each side, which discharge into a sump at the 
bottom of No. 2 shaft. From this the water will 
be pumped to the surface. The 16-ft. roadway is 
paved with granite blocks on the inclines (which 
have a grade of 2.77%) and with compressed 
asphalt on the nearly level portion under the 
river. The footways are 4 ft. S% ins. wide, and 
laid with York stone flags. 

CONSTRUCTION PLANT.—The machinery for 
producing compressed air and hydraulic and elec- 
tric power is located near No. 3 shaft, from 
which the tunneling in both directions was 
started. There are six compound condensing 
air-compressors, together capable of dealing with 
1,000,000 cu. ft. of free air per hour. Also six 
smaller compressors for the supply of high- 
pressure air for grouting and power purposes. 
Two compound hydraulic pumping engines de- 
liver high-pressure water to two accumulators, 
and there are four direct-connected electric gen- 
erator sets for light and power. Steam is sup- 
plied by seven boilers of the marine type and 
the condensing water is cooled in a tower. 

AIR LOCKS.—The arrangement of air chamber 
and locks used in connection with the airtight 
floors in No. 3 shaft is shown in Fig. 8 This 
arrangement was used first for sinking the cais- 
son when the air shafts were connected to the 
lower airtight floor. It was afterwards used for 
starting the tunnel, when the air shafts were 
connected to the upper (temporary) floor, the air 
chamber and locks being, in the latter case, raised 
to a higher level. The dump cars containing the 
excavated material were lifted in cages operated 
by hydraulic hoists inside the air shafts, and the 
cars ran direct from the cages into the air locks, 
each of which held two cars. 

BULKHEADS.—Fig. 9 illustrates the bulk- 
heads used in the tunnel, of which four have been 
built. The bulkheads in previous compressed- 
air tunnels have usually been built of brickwork 
or concrete. The adoption of steel in this case 
was due to the rapidity with which a steel struc- 
ture,. when suitably designed, can be erected or 
removed. The bulkhead consists of a diaphragm 
of %-in. steel plates, sitffened by rolled steel I- 
beams, and supported by vertical and horizontal 
girders radiating from the center. The thrust 
at the center due to the air pressure is trans- 
mitted to the iron lining of the tunnel by four 
diagonal struts. There are three air locks; the 
small upper one is intended for use in emergency, 
in the event of the lower locks being submerged 
by an inrush of water. 

SHIELDS.—The shield used for’ tunneling 
under the river, illustrated in Fig. 10, is 30 ft. 
8 ins. diameter and 18 ft. long. It consists of 
three rings of cast steel segments bolted to- 
gether and a tail, or skin, of three thicknesses 
of %-in. steel plates. Vertical and horizontal 
partitions divide the front portion of the shield 
into 16 compartments for working purposes, and 
Fig. 11 is a view of the face, as it entered No. 2 
shaft after completing a length of tunnel. On 
the vertical partitions are fixed hydraulic jacks 
for supporting the timbers which secure the face 
while advancing in soft ground. These are 
plainly visible in some of the left hand com- 
partments in Fig. 11. The main shield jacks are 
40 in number and have rams of 9 ins. diameter 
with a stroke of 3 ft. 6 ins. They are connected 
to the operating valves in pairs, so that any two 
rams can be worked independently. The total 
pressure exerted may be as much as 5,000 tons. 
At the rear end of the two outer vertical parti- 
tions are fixed the two hydraulic erectors for 
handling the iron lining segménts. These are 
shown in Fig. 12. The second shield which was 
used for driving the tunnel on the north side of 
the river only is simi'ar to the first, but about 5 
ft. shorter to enable it to pass easily round the 
curve. 

A steel working stage about 50 ft. long travels 
behind each shield and carries hydraulic pumps, 
grouting pans, etc., being also used as a working 
platform for bolting up the lining and calking. 
This is shown in Fig. 13, while Fig. 14 shows 
the timber traveler used in completing the bolt- 
ing and calking. 
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EXECUTION OF THE WORK.—The condition 
of the work (May, 1907) is as follows: The open 
approaches on both sides of the river are finished 
with the exception of the facing to the walls. 
The cut-and-cover section on the south side is 
complete and a portion of that on the north side. 
All the shafts are sunk, and the river wall is 
built. The tunnel under the river is finished, 
with the exception of the concrete lining, and 
about 400 ft. has been driven under the land in 
each direction. It is expected that all the tun- 
neling will be finished by September of the pres- 
ent year, and the whole work in the summer of 
1908. 

The erection of the first caisson, No. 3, was 
commenced in October, 1904, and sinking about 
two months later. At a depth of 26 ft. water 
wag met with and sinking was suspended for two 
months, while the airtight floor and all arrange- 
ments for working with compressed air were 
completed. Air pressure was applied on May 22, 
1905, and the caisson was sunk the remaining 70 
ft. to its final level in less than ten weeks. The 
maximum air pressure used was 17% Ibs. per sq. 
in., which is considerably less than the hydro- 
static head of the water in the river. The weight 
of the caisson itself, with the Goncrete between 
the skins, was sufficient to cause it to sink. 

The sinking of Nos. 1 and 4 shafts, which are 
only about 70 ft. deep, presented little difficulty. 
Compressed air was not used and very little pump- 


» 

= 
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Fig. 6. Transverse Section of the New Rotherhithe 
Tunnel. 


ing was necessary. In sinking No. 2 shaft, a 
maximum air pressure of 20 lbs. per sq. in. was 
required. The shaft reached its final level in 
July, 1906. 

TUNNELING.—As soon as No. 3 shaft had 
been sunk, the space under the airtight floor was 
filled with concrete and the air pressure taken 
off so that the erection of the shield could be 
proceded with. In the meantime it had been de- 
cided to drive a heading or small pilot tunnel 
across the river, so as to ascertain definitely the 
nature of the ground to be met with. This heading 
was 12 ft. 6 ins. diameter and lined with cast-iron 
segments, its top being about 2 ft. below the top 
of the main tunnel. For driving this heading one 
of Price’s excavators was used. This machine, 
illustrated in Figs. 15 and 16, consists of an 
ordinary shield, fitted with ten 7-in. hydraulic 
jacks for driving it forward in the usual way, 
and provided with a rotary cutting head in front 
of the cutting edge. This cutting head is fitted 
with a series of tools for breaking down the ma- 
terial and with dredge buckets which discharge 
it into a shoot from which it is removed by a 
belt conveyor and delivered into cars in the tun- 
nel behind the shield. The cutting head is rotated 
by an electric motor through spur gearing and 
the tools are kept up to the face by the hydraulic 
jacks which keep the shield slowly advancing as 
the head rotates. 

Air pressure was put on under the temporary 
airtight floor of the shaft and the excavator 


FIG. 5. SINKING CAISSON FOR SHAFT NO. 4 OF THE ROTHERHITHE TUNNEL. 


started on Oct. 12, 1905. A few weeks later a 
brick bulkhead was built in the small tunnel be- 
hind the shield and air pressure again taken off 
the shaft so that the erection of the main shield 
could proceed under atmospheric conditions. The 
progress of the excavator was somewhat delayed 
by the presence of a seam of rock which ex- 
tended across the river bed, but it arrived at a 
point 150 ft. from No. 2 shaft on Jan. 22, 1906, 
where it was stopped. The average rate of 
progress was 13 ft. 6 ins. per day of 24 hours and 
the air pressure used varied from 12 to 21 Ibs. 
per sq. in., according to the state of the tide in 
the river. - 

In the meantime the large shield had been built 
in No. 3 shaft; compressed air having been again 
applied, this shield started on its journey across 
the river in the beginning of February. As the 
strata met with in the small tunnel proved satis- 
factory, little trouble was anticipated and steady 
progress was made from the beginning. Very 
little support was required for the face, which 


part of the deposit known as the “Woolwich «nd 
Reading beds,” and contained little water. Fig 
17 shows the arrangement of the strata and the 
position of the’pilot tunnel with relation to the 
main tunnel. 

A bulkhead was built in the tunnel about si) 
ft. from the shaft, and half the distance across 
the river was accomplished in six months from 
the start. The second half was driven in tliree 
months more and the shie!d arrived in N». 2 
shaft on Nov. 21, 1906. The average rat: of 
progress for the whole distance was 4 ft. per 
week, and the best week’s work was 62% ft. 

The alinement of the tunnel was carried out in 
the usual way by the prolongation of’a line jvin- 
ing two plumb lines, suspended in the shaft. «nd 
the shield was kept to line and level wit! out 
dificulty. The lining of the tunnel is usu:lly 
within 1 in. of its correct diameter vertically and 
horizontally and no deformation after erection 
has been observed, the breaking joint of the rings 
giving great stiffness to the structure. Owing 


Longitudinal Section. 


FIG. 7. DETAILS OF CAST-IRON 


was usually excavated 2 ft. 6 ins. in front of 
the shield except near the outer edge, where some 
of the material was left to be removed by the 
shield at each advance. One or two rings of the 
small tunnel, which were 20 ins. wide, had to be 
removed in excavating each length. The strata 
met with were clays, marls and gravels forming 


Cross Section of Key Pic 


LINING; ROTHERHITHE TUNNEL. 


principally, no doubt, to the low air pr ure 
found necessary very little compressed « ill- 
ness has occurred. All the workmen are © «di- 
cally examined. Special attention is also — ve" 
to the ventilation ofthe tunnel, a large 
of excess air being pumped into the supply is. 
and blow-out pipes being always kept ope: !! 


Vol. 58. N a 
fi 
| 
4 
% 
3 
| 
3 
| 
fi 
| =, 
: Ea 
bway fi PIPES 
¥ 
% 
ae 
"Recess for Rust Joint 
9 2 (, ) 4 4 
had. 602" Plug t0 Grouting Hole | 
Cross Section. 539 ~ 
Yo™/; AY \ 
26 >< 
ENS. NEWS. 
4 
\ 


Iwich and 
ter. Fig 
A and the 
on to the 
about 
ee Across 
nths from 
1 in three 
in No. 2 
e rate of 
40 ft. per 
ft. 

ied out in 
line join- 
shaft, and 
1 without 
is usually 
ically and 
r erection 
the rings 


Owing 


y Piex 

pre ure 
od a ill- 
are »iedi- 
also -~iven 
ge a: ount 
ply mains, 
open. All 


‘yecember 19, 1907. 


ENGINEERING NEWS. 


. jn compressed air is carried on in three 

‘s of eight hours each. 

» total estimated cost of the scheme is about 
0,000, of which about half is for the en- 
ring works, The whole of the work is being 


erection of such works. The costs repre- 
sent recent practice and are quoted per 
KW. capacity. 

BUILDING.—Judgment in the architec- 
tural treatment and the selection of 


F Rivers, 34 
Pl, § Rivers, 
Vertical Joints 
Sing) ” ” ” » 
25 Tie Prods Nig 
M. Inst. C. E., the Chief Engineer of the London ] 
County Council, who is also responsible for the [\-----~ 
design. The writer is Resident Engineer for the 
COST OF CONSTRUCTING STEAM-DRIVEN ELECTRIC eat. 
By FRANK KOESTER.* 
The cost of steam power plants is determined ; oe 
by the location and by the character of the build- 
inz and equipment. The amount of capital Make-up Length 
available also plays an important part in de- Sica, “ie le 
termining the equipment. Mistakes have been IG. 8. AIR-LOCKS AT SHAFT 
frequent in selecting the type and size of various | 
portions of the equipment, and in such cases it stock sizes of doors and windows will i \ 
has been evident that the use of other machinery very materially keep down the first cost ‘ \ 
Work, Ch \ 
(perhaps lower-priced) would bring better re- of the building. Some of the more prom- ae —. 
sults. Herein the broadness of experience in inent plants of the country vary widely in Section c-D. 


the designer counts largely. It is not the pro- 
vince of the designer to design special machines 
but to properly select machinery already on the 
market. Such a broad experience is necessary 
to secure that judgment in selection which it is 
evident many designers lack. A thorough busi- 
ness knowledge is essential for securing the most 
suitable machinery at a minimum of expenditure. 
The proper and economical assembling of the 
various parts needs to form an important part 
in the designer’s experience. 

The figures given herein for the cost of power 
plants are derived from plants whose designers 
may be said to fairly fulfill the above require- 
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the cost of their superstructure, and 

it cannot always be said that the more expen- 
sive building is the most pleasing to the eye. 
In the design of the superstructure, the char- 
acter of the building as a power plant must be 
kept in mind. Comparatively the cost of the 
superstructure for a plant of small capacity will 
be greater per KW. capacity than the cost of 
the larger plant. The superstructure for plants 
up to 5,000 KW. capacity costs from $15 to $25 
per KW. The former figure may be secured by 
a compact arrangement with walls of common 
brick, wooden doors and window frames, steel 
roof trusses supported by the walls and a roof 
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Longitudinal Section. 


Half End Elevation. 


FIG. 9. STEEL BULKHEAD IN THE ROTHERHI THE TUNNEL. 


‘ents. These costs represent an average arrived 


‘t by the comparison of costs of various plants 
“ith which the writer has been connected, di- 
recUly or indirectly in one way or another, dur- 
‘8 @ considerable experience in the design and 


chy meulting Engineer, 400 West 57th St., New York 


of the cheapest fireproof construction, such as 
corrugated iron, tin, etc. 

The other type of building, costing about $20 
to $25 per KW., may be constructed of higher 
grade masonry with fireproof windows and doors, 
roof trusses carried by steel columns which at 
the same time carry the crane runway, and the 


roof itself consisting of reinforced concrete cov- 
ered by tar and gravel. 

The cost of the superstructure for large size 
plants usually runs from $10 to $20 per KW. 
These are constructed of a self-supporting steel 
skeleton and self-supporting walls. The super- 
structure at $20 per KW. may embrace multiple 
boiler floors while those at $10 per KW. cover 
single boiler floor plants only. In both cases 
coal bunkers are provided. In the lower cost 
building steel bunkers of five to eight tons ca- 
pacity per running foot are installed. In the 
multiple boiler floor building the bunkers are 
made up of structural steel, the beams being 
filled in with masonry arches, the side walls 
also being of masonry filling. 

CHIMNEY.—tThe cost of the chimney depends 
largely on the location of the plant, the prox- 
imity to the source of the particular kind of 
materials constituting an important factor, as 
the cost of transportation of materials is a large 
item, steel chimneys being cheaper in such lo- 
calities where transportation costs favor such 
construction. 

Furthermore, the competition among builders 
of chimneys, and especially since the introduc 
tion of the reinforced concrete chimney, is so 
strong that a radial brick chimney may some 
times be had as cheap as a steel chimney or re- 
inforced concrete chimney. 

A radial brick chimney for large sized power 
plants may be built from $1.75 to $2.25 per KW. 
Reinforced concrete chimneys and plate steel 
chimneys may cost from $1.50 to $2 per KW. 

COAL AND ASH HANDLING SYSTEMS.— 
The cost of coal and ash handling systems is 
dificult to determine, depending so largely as it 
does upon the manner in which the coal is re- 
ceived from the shipper, the way the ashes are 
disposed of and the distance through which the 
coal as well as the ashes must be handled. Ex- 
perience shows that the figures for equipment 
for handling coal and ashes range from $1.50 to 
$3 per KW. 

BOILERS.—The cost of water tube boilers 
ranges from $8 to $10 per KW., depending upon 
the square feet of heating surface in the boiler. 
These figures do not include mechanical stokers, 
for which from $2 to $3 may be assumed. 
Breeching, of course, is also a separate item and 
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varies considerably as to 
boiler setting is 
given above. 

BLOWERS.—In many of the modern power 
plants, especially plants for railway purposes, 
forced or induced draft is adopted. The blowers 
are usually steam-driven. The cost of such 
equipment is about $1 per KW. 

ECONOMIZERS.—Where economizers are in- 
stalled of sufficient capacity to heat the water 
to 200° or 220° F. such apparatus costs about 
$2 per KW., provided that there are not too 

additional smoke flues necessary for by- 
passing, etc. 

BOILER FEED PUMPS.—The cost of such 
pumps alone is some 50 cts. per KW. When stor- 
age tanks necessary the cost of the com- 
bined outfit amounts to 75 cts. or $1, depending 
on the number and size of the tanks. 

PIPING.—In some stations piping has been 
installed for $2 per KW., while in others as high 
as $6 per KW. has been paid. This includes all 


cost per KW. The 
included in the cost of boiler 


many 


are 


considerably less. A 5,000-KW. turbo-genera- 
tor should cost from $20 to $22 per KW. Re- 
ciprocating engines of this capacity are sold 
roughly at the same price, and about $10 per 
KW. needs to be added for the generator. The 
total cost for smaller units, 600 to 3,000 KW. 
capacity, is from $20 to $25 per KW., whether 
they consist of turbine or reciprocating-engine 
apparatus. 

CONDENSERS.—The cost of condensers de- 
pends very much upon the vacuum desired and 
on the type of condenser. The cost of jet con- 
denser equipment runs from $3 to $5 per KW., 
depending upon the type of pump used. The 
cost of surface condenser apparatus will vary 
from $5 to $8, depending partly upon the 
vacuum to be carried and whether the casing 
necessary forms part of the condenser equip- 
ment or is provided as part of the turbine shell, 
as is the case in the Curtis base-condenser tur- 
bine, in which case the above figures may fall 
as low as $3 per KW. 
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thick 
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Half Front Elevation. 


Half Rear Elevation 


Half Sectional Elevation 
at Joint A-B. 


with Erector. 


FIG. 10. SHIELD FOR THE ROTHERHITHE TUNNEL (30 FT. 8 INS. DIAMETER). 


high and low-pressure piping (steam and water). 

For plants varying from 10,000 to 20,000-KW. 
capacity, the piping system not being elaborate 
but sufficient for continuous operation, $2.50 to 
$2.75 has covered the cost. This includes a high 
grade of covering for steam piping valued at 
about 20 cts. per KW. 

PRIME MOVERS.—While the price of the 
prime movers varies with the size of the units, 
it also varies with the type of machine. The 
price of turbines is often governed by the price 
of reciprocating engines, although the former 
can be produced cheaper than the latter. Al- 
though the condensers for a turbine cost more 
than for a reciprocating engine the complete 
turbine generating unit ordinarily should cost 


TABLE I.—COST OF STEAM TURBINE PLANTS. 


Excavations and foundations ............ 2.00 eed 
Tunnels (condenser water conduit)....... 1.75 4.00 
Coal and ash handling systems ......... 1.5 3.00 
Condensers (surface) 5.00 8.00 
Plumbing, painting, labor, etc. ........ 1.00 2.00 

$65.00 $103.00 


EXCITERS.—A__ steam-driven’ exciter unit 
costs from 35 cts. to 40 cts. per KW. If a con- 
denser should be installed in connection with it 
the cost may run as high as 70 cts. per KW., 
assuming that the exciter capacity is, approxi- 
mately, 1% the total capacity of the plant. 

SWITCHBOARDS.—lIn considering the cost of 
a switchboard equipment only such switchboard 
is herein considered as is necessary for the 
operation of the plant and the outgoing feeders, 
not including substation boards. The cost will 
vary with the voltage adopted for the system. 
For a high tension voltages the cost will run 
from $2 to $3.50, while for a low tension voltage 
(2,300 volts and lower) the switchboard equip- 


TABLE II.—COST OF RECIPROCATING ENGINE 
PLANTS. 


Excavations and foundations........... $3.00 5.00 
Tunnels (condenser water conduit)...... 1.50 2.75 
Boilers and stokers 8.50 12.00 
1.75 2.25 
Coal and ash-handling systems.......... 1.50 3.00 
Blowers and Gucts 1.00 1.50 
Generators ......... 10.00 12.00 
Plumbing, painting, labor, etc......... - 100 2.00 

$70.2 $104.50 


ment may be obtained for $1 to $2 per Kw. 4 
pending largely upon the system of wir; 
adopted. 

MISCELLANEOUS.—There are many 
items, which must be figured in the co; 
cost of the plants, such as traveling | 
which will amount to 25 or 50 cts. per 
Smaller items like house pumps, water ; 
blow-off tanks, painting, supervision, etc, 
total from $1 to $2 per KW. 

TABULATIONS.—A summary of the p: 
ing figures is shown in Tables I. and II. To 
summarized costs there needs still to be 
the engineering fee which in many cas: 
figured as a percentage on the total cost. 

It should be noted that the first column 
figures in each table represents costs which 
exceptionally low and may be attained un: 
favorable conditions with engineering skill. TT 
second column of figures in each table repres: 
fair average figures as ascertained from the « 
of a number of plants recently erected. H 
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ever, plants have been installed which co-' 
much as $125 per KW., and in an excepti' 
case the cost approximated $150 per KW. 

All of these figures represent costs of plan 
large capacity. Small plants of about 3,000 
capacity have been erected in the West at 
$120 to $130 per KW., which costs may » 
duced if a simple combination of machin 
provided. 
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ning to these tables, it will be observed 
that oe turbine plant varies from $65 to $103 
per - The main items constituting this dif- 
fer‘ are: building, turbo-generators and con- 
gens ». The difference in cost of these is due 
tot ype of turbine, the size and make of con- 
den and their auxiliaries, as well as the man- 
ner vssembling, all of which may reduce the 
size the building required. 

‘,. difference in cost of boilers is due to the 
mak or type and the rating of the boiler horse- 
pow adopted by the plant designer per KW. 
capevity. This ratio varies greatly. Plants 


have been installed with the same type of boiler 
he same type of prime mover in which the 
varies, one value being 0.60 boiler horse- 

per KW. generator capacity, while in 
other cases it is 0.75, and 0.80. This difference 
depends upon the experience and judgment on 
the part of the designer as well as the estimated 


power 


FIG. 11. 
ability of the future available operating force 
to produce steam effectively. 

The difference observed in the cost of the other 
items may be explained by the difference in the 
grade of material used and the ability of one 
purchaser over another to secure the lowest 
market price, 


\ PRIZE OF $100 for the best essay on ‘‘The Economic 
‘e of Accidents” is offered by the American Museum 
' Safety Devices and Industrial Hygiene. The com- 
‘tee to award the prize is made up of Messrs. Richard 
Gilder, Editor of “The Century Magazine’; 
ze Gilmour and W. H. Tolman: ~ 
museum desires exhibits of devices and processes 
afeguarding life and limb in connection with wood- 
«og machinery, railway and marine transportation, 
og, agriculture, manufacturing of all kinds. Pro- 
' F. R. Hutton, past-president of the American 
‘ty of Mechanical Engineers, is the Chairman of 
-ommittee on Admission of Exhibits. 

‘ exhibits accepted by the committee will be eligible 
‘Se gold medal offered by the “Scientific American” 
he best device, exhibited at the museum, for safe- 
‘ing life and limb. All inquiries regarding exhibits 


uid be sent to Dr. W. H. Tolman, Director, 231 
West 30th St., New York. 


THE COST OF HYDRO-ELECTRIC POWER DEVELOP. 
MENT IN THE PROVINCE OF ONTARIO. 


The Hydro-Electric Power Commission of the 
Province of Ontario has undertaken a complete 
study of present and future power conditions 
in the Province. The country has been divided 
for this study, into several natural divisions, the 
results of the investigations in which are 
grouped into five reports. The first report deals 
with that part of southwestern Ontario which 
lies, roughly speaking, north of the latitude of 
Toronto and which has been called the Niagara 
District. The second report deals with that 
portion of the province north of Lake Ontario, 
but not including Toronto; this is called the 
Trent District. The third report shows the in- 
vestigations in that area bounded on the west by 
Lake Huron and Georgian Bay, on the south, 
east and north by the districts of Niagara and 


FACE OF SHIELD (ENTERING THE SHAFT). 


Trent. This area is called the Lake Huron and 
Georgian Bay District. In the fourth report 
the commission has presented the work in a 
portion of Ontario east and north of the Trent 
and the Lake Huron and Georgian Bay districts 
known as the Ottawa Valley and St. Lawrence 
River district. In the fifth report is included 
the judicial districts of Algoma, Thunder Bay 
and Rainy River in the north of the province, 
but omitting the sparsely settled area north of 
the height of land in these judicial districts. 

This commissioner was directed to investigate 
and report on several phases of the situation: 

(1) The present and probable demand for hydraulic 
and electrical power in the various districts capable of 
being supplied from the different water-powers within 
the jurisdiction of the Province. 

(2) The location, capacity and capital cost of develop- 
ment of the various water-powers within the legislative 
jurisdiction of the Province at present undeveloped, but 
whose development is required to supply the present and 
probable needs of the surrounding districts; and the 
probable costs of the attendant transmission plant neces- 
sary for the utilization of electrical and hydraulic 
power. 

(3) The rates that must be charged the various classes 
of users of hydraulic or electric power within the respec- 


tive districts in order to meet all expenditures of main- 
tenance and operation. 

(4) The annual saving accruing to the customers in 
the various districts by the substitution of the rates or 
prices of (3) for rates paid at present in the various 
districts. 


(5) The cash capital costs of the hydraulic and elec- 
trical power undertakings of existing companies located 
within the Province of Ontario; the capacity and the 
state of development thereof. 

The results of the investigations in the five 
districts mentioned above have been well tabu- 
lated and summarized by the engineers of the 
Commission. As the figures obtained may be 
considered indicative of the estimated cost of 
pioneer development work and may be of as- 
sistance in similar work under similar condi- 
tions, existing widely in this country, some of 
these results have been further collected, sum- 
marized and rearranged so as to be more directly 
comparable. Enough of the conditions for which 
these estimates were prepared are outlined in 
this article so that the limitations in the use of 
these tables should be easily recognized. 

As a basis for estimates in demand for power 
a full canvass was made by expert assistants 
in each town and city. Great care was taken to 
determine whether or not the consumer would 
be likely to adopt electric power if it were avail- 
able, and a distinction was made in the case of 
power users who required steam for other pur- 
poses or who had refuse material available as 
fuel and who consequently would not be apt to 
make a change in their source of power. 

In estimating the total power to be distributed 
in each municipality it has been arbitrarily as- 
sumed that by the time transmission lines could 
be completed and with power for sale at reason 
able figures the total demand which should be 
provided for would be 25% greater than present 
estimates. On this basis weight of copper was 
calculated. 

Having determined the cost of 24-hr. power 
to various municipalities, its distribution was 
to be considered separatively for customers 
in each town or city. Owing to the great amount 
of labor involved in working out the costs of a 
system for each small place it was considered 
sufficient to take typical cases and apply the 
results more widely. Little variation was found 
in the cost of distribution in places of moderate 


size where underground distribution was not 
necessary. 


In the estimates on which the cost data table 
has been compiled, depreciaticn and replace- 
ment charges have been figured so as to replace 
the different classes of equipment in periods 
ranging from 15 to 40 years. The depreciation 
charges are held as sufficient to serve as a sink- 
ing fund. However, in the case of the generating 
station estimates, the depreciation figures do 
not include enough to replace the so-called per- 
manent portions of the development such as 
dams, head works and power-house. If a 40- 
year sinking fund large enough to cover these 
items is considered necessary a charge on some 
$45 to $65 per HP. of capacity would need to 
be made. At 3 or 4% a charge of 60 to 80 cents 
per annum per HP. would meet the require- 
ments. The given annual charges include de- 
preciation, repairs and interest during construc- 
tion. The transformation charges include mu- 
nicipal taxes on building, insurance, depreci- 
ation and 20% for engineering contingencies and 
interest during construction. 

In Table II. a statement is marle of the rates 
for current charged during 1906-07, in the dis- 
tricts investigated. 


To complete the information presented re- 
garding the cost of electric power to the con- 
sumer, Table III. was arranged showing the cost 
of induction motor service. By*+combining the 
results of this table with the cost of power as 
fixed at any certain city or town, and with a 
calculated cost of distribution from the munici- 
pal substation to the consumer, a total cost per 
HP. year may be obtained. Such a charge then 
represents the estimated annual charge including 
all items from generation to utilization inclusive. 
The cost of the distribution to the customer’ 
from the proposed municipal substations varies 
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greatly witk the distances, with the demand for 
power and with the grouping of the customers. 

Any specific case is not apt to be as simple even 
as indicated above, for each municipality has 
varied means of modifying the simply calcu- 
lated rates. Among these means may be men- 
tioned limjted-hour and summer contracts, ser- 
vices with peak loads at different hours, etc., etc. 
The Hydro-Electric Commission expects that, 
under the average conditions in a town needing 
at least 1,000 HP., 10-hr. power could be fur- 
nished manufacturers at the same or at a lower 
rate (on maximum demand) than that charged 
the municipality for the 24-hr. supply. The 
muhicipality would then be expected to profit 
from non-lapping loads enough to pay the cost 
of local distribution. As the larger proportion 
of power is used for 10 hrs. only, though sold on 
a 24-hr. price, this power will be available for mu- 
nicipal lighting and pumping after 6 p. m. free of 
cost or at greatly reduced cost to the municipal- 
ity. The ultization of idle transmission lines, 
during the nights, for municipal pumping will 
be dependent on having sufficient storage capac- 
ity in reservoir or standpipe to supply through 
the day. However, as in the winter season, there 
is a period between 4.30 and 6 p. m. during which 
the municipal lighting is not provided for. In 
order to have free or cheap power for lighting, 
all the year around, it becomes necessary to make 
“limited-hour contracts’ by which certain motor 
users will agree to shut down at about 4.30 p. m. 
for some five months each year. 

In order to institute a comparison between the 


cost of electric power and that generated by steam 
or producer gas, Tables IV. and V. were arranged. 
The data were compiled from those available in 
technical journals and from figures obtained by 
the Commission’s engineers in various towns 
within the districts. The capital costs were fig- 
ured from information supplied by manufacturers. 
The tables are held to represent average work- 
ing conditions and assume a high-class installa- 
tion. 


To make these tables available for use under 
varying conditions of coal supply, Table VI. was 
arranged to show the effect in the cost of power 
by the price of coal varying 50 cts. per ton. 


NIAGARA DISTRICT. 


GENERATION OF POWER.—The only source of 
hydro-electric power requiring consideration is the 
water of Lake Erie utilized at the Niagara escarpment, 
at various points up to some 20 miles westward from 
Niagara Falls. Further west the backbone between the 
escarpment and Lake Erie b too pr d 
The Niagara developments partially completed are cap- 
able of supplying any demand likely to arise in On- 
tario in the near future. There is now (Jan. 1, 1907) 
some 150,000 HP. immediately in sight, with the per- 
manent works designed for 425,000 HP., 24-hr. power. 
The net effective capacities of the district are distributed 
as follows (with proper allowance for necessary spare 
units): Hamilton Cataract Power, Light & Traction Co., 
22,500 HP., 10-hr.; Canadian Niagara Power Co., 40,000 
HP., 24-hr.; Ontario Power Co., 50,000 HP., 24-hr.; Elec- 
trical Development Co., 37,500 HP., 24-hr. 

In dealing with the generation of power the Commis- 
sion studied the situation from two points of view: 
(1) the purchase of power; (2) the construction of a new 


12. REAR OF SHIELD, WITH HYDRAULIC ERECTORS. 


generating plant. On account of the existi; 

companies on the Canadian side of the Niaga 

and as transmitting systems can be construc: 
shorter period of time than generating plant: 

the distribution of power will naturally comm: 

a small demand, increasing yearly, it is con: 
better course for a transmission company to pur: 
power, and the calculations on which are based 
of power delivered at municipal substations a- ’ 
in Table I., have been based on an arbitrary , f 
$12 per 24-hr. HP. per annum at the high ten. 18 
bars of the generating station. This figure was ied 
upon with the knowledge of recent sales of larg: 
of power at Niagara. 

However, should it be found advisable to cons 
new generating plant at Niagara Falls, it wou! 
fully four years for completion. Such a plant d 
be situated above the intake of the Ontario Powe: 
plant about 4,000 ft. below the Welland Riv: e 
cheapest and most suitable location now availa! 
the Canadian side. Such a plant would require a he 
ft. tail-race tunnel. There are strong reasons \ a 
plant located about 18 mi. west of Niagara Falls a 
be more adapted to the Canadian needs. The water 
be used at a 300-ft. head, about twice that avs e 
at the Niagara Falls site mentioned. The constr n 
would not disfigure the vicinity of the falls and 1+ 
of transmission would be saved. 


The estimates for the Niagara District portion o/ ‘he 
accompanying table of power costs are based o) ‘he 
purchase of a private right-of-way over the entire (is- 
trict, 100 ft. wide between Niagara and Hamilton, «\ ¢: 
wide between Hamilton and Toronto, and 33 ft. wide 
alongside of highways and railways for the smaller 
Steel tower construction, either double or single ‘ype 
according to the number of trunk lines. Branch |ines 
are estimated for first-class cedar pole construction 
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— which united management with one trinsmiss.on system” 
= would be far more economical than if several companies 
: were to take up the various water-powers to develop 
and transmit energy independently ef each other The 
estimates are considered quite approxim te owing to te 
likelihood of the Trent Canal modifying de igns, and 
because the field work for these estimates was neve; 
sarily meager. It is probab‘e that the e timates ou the 
as ve development are correct within 10% 
: TRANSMISSION.—Taking as a present source of power 
n . Healy’s Falls, with auxiliary development at Middie antl 
Rauney’s Falls, roughly, two and six miles below 
id Healy's Falls, a development and transmission schem 
of = has been worked out supplying power to all of the Lak: 
towns from Whitley to Kingston A private right-of 
“aie , way is provided for in the estimates, Gj ft. wide from 
Healy’s Falls to Brighton, and of vary.ng wid bh slong 
ot d the Grand Trunk Ry., east and west Double-circuit 
he : steel towers are to be provided from the power-house to 
uve : Brighton, single circuit steel towers from Brighton to 
Deseronto Junction, and high-class wood-pole construc- 
ig ‘ tion to Kingston. The general transmission scheme in 3 
us 1 


volts. Municipal distributing circuits have been ar 

ater d ranged for 2,200 volts. Entire capital and operating 
ava e charges are included in the price of power 

4 portion of this district water-powers are either very 
ion of the limited in extent or entirely absent, as the rivers all 
ad 0 he flow from a high table-land, lacking in storage, through 
entire dis- 


‘ a well-cleared country without imporiant decl.vities 


It is only near the mouths of rivers in this portion of 
3 ft. wide the district that water-powers of any extent are met 
aller lines with. Further northward, however, the Severna, Mus 
ingle type koka, Maganetawan, French, Sturgeon and Wahnapitae 


sources abounding in lakes and st.ll practically in virgin 
forest, so that thé water-powers on these rivers 
tensive and valuable, and have already been 
to a considerable extent. At the present time there is 
a large number of smal! local developments providing 


# FIG. 13. SiEEL TRAVELING STAGE. electric light and small amounts of power to local con- 


sumers. 

TRENT DISTRICT. stations for paper mills, etc. Of the various power sites In this district 60-cycle frequency has been chosen 
GENERATION OF POWER.—Aside from small streams on this part of the river, at least five are worthy of being for developments estimated upon, owing to the fact that 
flowing into Lake Ontario, which have not been con- fully developed for long distance transmission. The dry a considerable number of installations 
sidered, the sources of hydro-electric power for this dis- weather capacity of these five would be some 25,600 HP., 


operating at 60 cycles, and that this is, 
trict are the Trent and Moira Rivers. On the Upper more than enough to supply, for the present at least, purposes, 


Trent large developments have been made, and all re- all the demands of the Lake Ontario towns. It would that section of the district where 
maining available power will be needed in the near not be necessary to develop all these powers at once, 
future for the immediate territory. On the lower Trent but, as the demand increased, the 
ihe water-powers are much more extensive, and practi- 


are ex 
developed 


are already 
for lighting 
the frequency usually adopted; further, in 
electric railways are 
probable, and for which low frequency is desirable, the 
extensions could be supply of hydraulic power will be altogether required 
made one by one, all being worked in unison and under for other purposes, such as lighting and small 


motor 
ally undeveloped, the only ones used so far being small one management. This district 


to be one in loads. 
TABLE I.—ESTIMATED COSTS OF HYDRO-ELECTRIC POWER THROUGHOUT THE PROVINCE OF ONTARIO. 
Present power used. ———Proposed. — — 

Portion Future Invest- Distance ———-—- —-— Annual charges per HP, ———— ——- ——-— 
admitting load es- Total ment, of trans- Trans- Step-down Admin- Inter- Total 
electrical timated invest- per mission, Gener- mis- transform- istra- switch- cost 24-hr 

Municipality. Source of power. Total. installav'n. HP. ment. HP, miles. ation. sion. ation. tion. ing. power. — 
NIAGARA DISTRICT: 
n. Niagara Falls Companies 
Hamilton & Dundas. Bt 300 46 12.69* 090 1.56 0.14 0.07 15.36 
Toremte 250,000 53,369 40,200 _ 88 13.08* 1.86 1.26 0.16 007 16.43 
Georgetown ....... 1,400 1,450 720 77 13.30* 3.08 3.00 0.50 O31 2014 
Milton 1,600 TOO 430 66 13.30* 2.08 3.70 0.0) 19.89 
TRENT DISTRICT: 
Kirgston .......... 19,400 2.600 2,200 98 13 50 5.42 212 0 36 0.03 21.42 
Belleville 10,200 12.87 1.71 1.69 0.36 0.03 16.66 
WhawA ....6, 1,640 1,460 13.35 5.51 2.27 0.236 0.08 21.52 
380 230 ow 13.52 8.82 4.40 O36 4 : 
LAKE HURON AND GEORGIAN BAY DISTRICT: 
Maitinnd River, 1,000 HP. ...... 325,000 203.12 
Goderich 1,450 |. 4 14.12 1.57 O75 16.44 
Clinton .. 2,800 20) 9 16.83 4.59 4.30 0.75 26.47 
Mitchell 2,200 20) 29 16.83 4.59 430 0.75 26.47 
Beaver and Severn Rivers ...... 291,000 128 28 
Oven Sound ...... 10,000 89 12.90 4.14 2.12 O91 0.15 20:22 
Collingwood ....... . 7,000 1,650 1,000 53 12.95 5.30 2.65 0.91 O15 21.96 
Victoria’ Harbor.... 400 600 Indefinite 12.70 1.09 3.78 0.91 O15 18 63 
OTTAWA VALLEY AND ST. LAWRENCE RIVER DISTRICT: 
ckville 700 700 27 22.50 5.07 1.64 3.34 32.55 
cot. 3,085 215 215 15 21.97 2.57 4.69 3.19 32.42 
High Falls, Miss’ippi River 
Brockville . 9,000 700 700 63 12.13 308 25.68 
Prescott 3.0%5 215 215 75 12.13 16.10 4.38 3.97 36.58 
5,700 R15 200 35 11.54 2.95 3.88 3.83 
. 4,000 240 10 210 33 11.27 1.76 5.75 3.73 22 51 
High Falls, 
Scheme B, 1,100 H 123,000 111.82 
Smith's Falls....... 5,700 815 300 35 16 00 6.42 300 4.93 29.45 
Perth 4,000 240 150 23 15.55 3.72 5.00 4.79 29.16 
Fountain Falls, Montreal 
River, 2,400 HP. ses 214,000 89.16 
Cobalt Indefinite 1,800 1,400 15 18.30 1.64 173 2h 24.177 
Kerr Lake....... Indefinite 1,000 800 12 18.22 1.24 2.25 2.48 24.29% 
Haileybury 1,215 200 200 20 18.52 5.37 5.21 2.54 31.647 
ALGOMA, THUNDER -BAY AND RAINY i= 
Cameron Rapids,16,350 HP....... ...--. 817,509 50.00 
Slate Falls, 3,686 HP. 357,600 97.00 


“Based on price of $12 per 


HP. per annum at High Tension Bus Bars Transformer Station, Niagara Falls. 
tBased on capacity te 


portion admitting electrica! installation. 
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TABLE Il.—PRESENT RATES FOR ELECTRIC POWER 
IN ONTARIO. (Spring, 1906, to Spring, 1907.) 


Street Commer- Resi- 
arcs cial dence 
per Incdst, Incdst. 


lamp perKW.- perKW.- Average 
per hr.meter- hr.me- HP. used. 
Municipality. year. ed, net. tered,net. Flat rate. 
NIAGARA DISTRICT: 
Hamilton ....... $8400' $0.15 $0.10 $90 to $30? 
Toronto dint 69.354 12 .OS8 $180 to $51* 
TRENT DISTRICT: Metered, 8c. 
Kingston -12% -12% per KW.-hr. 
Belleville 10 
Oshawa 8% to 15 8% to 15 
Whitby 10 10 
LAKE HURON AND GEORGIAN BAY DISTRICT: 


Owen Sound..... 51.00+ 07% 
Collingwood 7to10 


OTTAWA VALLEY AND ST. LAWRENCE RIVER DIS- 
TRICT. 


trockville ...... 62.25 10&14 10&14 
Smith's Falls.... 56.25 08 1.85 $20 
65.00 3.008 2.00 


ALGOMA, THUNDER BAY AND RAINY RIVER DIS- 
TRICT: . 


Port Arthur..... «.++, 6 to 10-15% 7 to 10-10% ... 
Bruce Mines $3 to $3 to 
Thessalon ...... 76.00 $3.008 $3.00° one 

1All night, every night. “Inversely according to amount; 


these figures are for 0.4 and 12 HP., respectively. “*In- 
versely according to amount; these figures are for 0.4 and 
30 HP., respectively. ‘Moonlight schedule, all night. 
*Municipal plant. °To midnight, moonlight schedule. 
"To midnight, every night. ®Flat rate per 16-c. p. lamp 
per year. 


A careful study has been made of the present probable 
demands for electric power in relation to possible water- 
power developments capable of supplying these demands, 
and five developments have appeared to be worthy of 
serious consideration, namely: (1) On the Maitland 
River near Goderich, 80-ft. head; (2) on the Saugeen 
River, at Southampton, 40-ft. head; (3) Eugenia Falls, 
on the Beaver River, 420-ft. head; (4) Big Chute, on the 
Severn River, 52-ft. head; and (5) on the South River 
near Nipissing, 85-ft. head. The capital cost in each 
case includes step-up transformer stations, one reserve 
generating unit in excess of each of the above-mentioned 
capacities, and a spare transformer in each station. 

TRANSMISSION OF POWER.—The supply of power to 
Goderich, Clinton, Seaforth and Mitchell is contem- 
plated from the development on the Maitland River. The 
scheme outlined involves transmission at generator volt- 
age (2,200 volts, 60-cycle) to Goderich, but stepping up 
to 22,006 volts for transmission to Clinton, Seaforth 
and Mitchell. A high-class wooden pole line upon the 
highways, with telephone wires upon the same poles, 
is considered as suitable for such a distance. 

DISTRIBUTION OF POWER.—The cost of distribution 
from the municipal sub-stations to the consumers’ prem- 
ises varies widely with different conditions, and depends 
upon the distances involved, the magnitude of the de- 
mands of individual consumers and the grouping of 
these consumers. 

OTTAWA VALLEY AND ST. LAWRENCE RIVER 

DISTRICT. 

SOURCES OF HYDRO-ELECTRIC POWER.—In cer- 
tain portions of this District, there are very large 
powers, for which there is no apparent available mar- 
ket existing. Such are many of those on the Ottawa, 
Madawaska and Petawawa Rivers. Westward from the 
Rideau, which joins the Ottawa River at Ottawa, all the 
tributaries of the latter come from basins containing a 
large number of lakes and marshes, and have a highly 
uniform flow. The differences of elevation along these 
streams are all considerable. Of the water-powers in 
this District, those of the St. Lawrence and of the 
Ottawa Rivers are the largest, and for the entire devel- 
opment of a water-power on either a complete damming 
of a great river bed is necessary. 

The St. Lawrence being a navigable stream through- 
out, and, at points of possible development by the 
Province of Ontario, an international stream, it is not 
at present necessary to consider here the question of 
making use of these water-powcrs in this manner. 
Canals paralleling each of the rapids of the St. Law- 


TABLE III.—Capital Cists and Annual Charges on 


oe Installations, Polyphase, 60-Cycle Induction 
otors. 
Capital ——————Annual charges——————— 
Capac- cost Inter- Deprecia- Oil, care Total per 
ity. per HP. est tionand and op- HP. per 
HP. installed. 5% repairs 6% eration. Annum. 
5 $39.00 $1.95 $2.34 $4.00 $8.29 
10 36.00 1.80 2.16 3.00 6. 
15 30.00 1.50 1.80 2.50 5.80 
25 25.00 1.25 1.50 2.00 4.75 
35 22.00 1.10 1.32 1.75 4.17 
50 20.00 1.00 1.20 1.50 3.70 
75 19.00 .95 1.14 1.25 3.34 
100 17.00 8&5 1.02 1.00 2.87 
150 15.00 -80 2.45 
200 14.00 .70 .84 -70 2.24 


By combining the costs given in this table with the 
cost of distributed power, as indicated in Table I., the 
final or total charge per HP. per year will be obtained. 


FIG. 14. STAGE FOR BOLTING AND CALKING THE LINING OF THE ROTHERHITHE TUNNEL 
(27 FT. 8 INS. DIAMETER INSIDE OF FLANGES.) 


rence have been built by the Dominion of Canada, 
thereby concentrating at one or more points the existing 
heads and providing to a limited extent water supply, 
which has been, in whole or in part, utilized in nearly 
every case by private interests. The Ottawa River over 
a considerable portion of its course is a navigable 
stream, and its waters are, moreover, interprovincial. 
This latter fact need not stand in the way of the intelli- 
gent and economical development of the water-powers, 
although it has led to difficulties in the past. Estimates 
of power are based on the entire low Water flow of the 
stream at each important fall or rapid. The construc- 
tion of a 23-ft. Georgian Ba 


present in operation on the Spanish River, furnishing 
power for pulp mills and mines. This district contains 
valuable timber and mineral areas, factors which wil! 
in the near future have an important bearing in deter- 
mining the economic value of the available water- 
powers, At the head of Lake Huron is the important 
international power of the Sault Rapids, on the st 
Mary’s River, which takes the total run-off of the Lake 
Superior basin. This power is partially developed on 
both sides of the river, and forms the basis of opera- 
tion for the industries established and controlled by the 
Lake Superior Corporation at Sault Ste. Marie. Along 


Ship Canal, as is proposed, 
would altogether alter the 
profile of the Mattawa and 
Ottawa Rivers, and would 
concentrate the entire fall of 
these rivers at the various 
necessary dams. A further 
result would be the reduc- 
tion of the variation in the 
discharge of these _ rivers, 
an end desirable for canal 
operations as reducing the 
seriousness of the annual 
floods. Essential to such con- 
trol of floods would be the 
damming of Lake Temiska- 
ming and other lakes in the 
upper Ottawa valley. An ex- 
amplk of the effect of canali- 
zation and storage of flood 
waters may be noticed in the 
case of the Rideau River, the 
existence of whose dams 
and retaining works causes 
the discharge of the stream 
to be more than ordinarily 
regular. 


ALGOMA, THUNDER BAY 
AND RAINY RIVER DIS- 
TRICTS. 


GENERATION OF POWER. 
—Of the rivers flowing into 
Lake Huron along the north 
shore, the Spanish, Ver- 
milion and Mississauga are 
the most important as re- 
gards size and hydro-elec- 
tric possibilities, mumerous 
water-powers admitting of 
more or less economical de- 
velopment existing on these 
rivers. Two plants are at 


FIG. 15. 


FACE OF EXCAVATING MACHINE USED IN DRIVING THE 
PILOT TUNNEL (12 FT. 6 INS. DIAMETER) 
HITHE TUNNEL. 


OF THE ROTHER- 
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FIG. 16. 


the north shore of Lake Superior, many fine water 
= powers exist, which, in many cases have but little pres- 


strolled by the ent economic value; exceptions being ; the Nepigon, 
Kaministiquia and Current Rivers, the importance of 

Marie. Along which is due to the fact that they are within transmis- 
sion distance of the rapidly increasing power markets of 

] Fort William and Port Arthur, and, especially in the 


case of the Nepigon, are of sufficient extent to use for 
grinding the pulp output of the Nepigon watershed. 

In practically all cases enough local pondage can be 
™ obtained above the headworks to provide for a con- 
oi siderably increased peak capacity. It is not generally 
Teasible, however, to obtain in this way storage sufficient 
to materially augment the natural dry-weather flow 
over a greater period than that required to take care of 
the daily variation of load demands, without a large rela- 


Limestone Rock 


-Pebble Bed and 
Conglomerate 


“Sand and 
Pebbles 


*Loamy Sand 


F Section Showing Strata Penetrated by the 
Rotherhithe Tunnel. 

enditure for impounding storage reservoirs. 

sa ‘wo notable exceptions, namely, Lake Nepi- 


' 1,500 sq. mi, of area, and Dog and Sheban- 
Lakes, with 100 sq. mi. of area, serving to 
HVING THE “tural storages, which, in the case of Dog Lake, 

ROTHER: enormously increased in value by the ex- 


Longitudinal Section. 


Rear Elevation . 


Front Elevation. 


SHIELD AND EXCAVATING MACHINE FOR PILOT TUNNEL. 


penditure of a small sum for construction of a dam at 
the outlet of the lake, which will raise the lake level 
10 to 15 ft. during high-water and hold the same for 
use when required at low-water periods. 

Three development schemes have been studied: (1) 
Dog Lake Development: This power is situated about 25 
miles northwest of the towns of Port Arthur and Fort 
William. An effective hgad of 310 ft. can be obtained 
by utilizing the difference in level between Big Dog and 
Little Dog Lake. The distinguishing feature of the 
development would be the construction of about 3,500 ft. 


TABLE IV.—Capital Costs of Steam Power Plants and 
Annual Costs of Power per B. 
Capital cost of plant per HP. 


installed. --,, 
Sizeof Engiues, 


Annual Annual 

costof 10- costof24- 

plant, Boilers, etc. hr. power hr. power 
HP. installed. Buildings. Total. per B. HP. perB. HP. 


Class I.—Engines: Simple, slide valve, non-condensing. 


Boilers: Return tubular, 
10 $66.00 $40.00 $106.00 $91.16 $180.76 
20 56.00 37.00 93.00 76.31 151.48 
30 48.70 35.09 83.70 66.46 131.68 
40 44.75 33.50 78.25 59.49 117.74 
50 43.00 31.00 74.00 53.95 106.46 


Class II].—Engines: Simple, Corliss, non-condensing. 


Boilers: Return tubular. 
30 70 70 35.00 105.70 61.14 117.70 
40 62.85 33.5 96.35 55.5 107.10 
50 59.00 31.00 90.00 50.70 97.73 
60 56.00 30.00 86.70 47.42 91.34 
80 50.00 27.5 77.50 43.86 85.41 
100 44.60 25.00 69.60 40.55 79.19 


Class II!.—Engines: Compound, Corliss, condensing. 


Boilers: Return tubular, with reserve ca- 
pacity. 
100 63.40 28.00 91.40 33.18 60.05 
150 53.70 24.00 77.70 29.83 54.63 
200 50.10 20.00 70.10 28.14 51.72 
300 45.20 18.00 63.90 26.27 48.83 
400 43.55 16.00 59.55 24.84 46.1 
HO 41.25 14.00 55.25 23.73 44.21 
TO 40.50 13 00 53.50 23.56 44. 
1,000 39.00 12.00 51.00 23.26 43.71 
Class IV.—Engines: Compound, Corliss, condensing. 
Boilers: Water-tube, with reserve capacity. 
q 55.20 18.00 73.20 25.77 46.32 
rs 31.00 16.00 67.50 24.18 43.61 
500 49.40 14.00 63.40 23.19 42.03 
750 46.80 13.00 59.70 22.88 41.56 
1,000 44.30 12.00 56.80 22.47 41.11 


of head-water tunnel. The value of this power is due 
to the high head and the exceptionally good storage 
facilities of Dog Lake, which has an area of 53 sq. mi 
(2) Cameron Rapids Development: This power is situ- 
ated on the Nepigon River, about 14 mi. north of Nepi- 
gon Station. The very considerable economic importance 
of this power is due to the fact, already 
that it is within transmission distance of Port Arthur 
and Fort William, and that it is available for the de 
velopment of the extensive pulpwood areas of the Nepi- 
gon watershed. In addition to this, the 


mentioned, 


remarkably 


TABLE V.—Producer Gas Power, Showing Capital Costs 
of Producer-Gas Plants Installed, and Annual Costs 
of Power per Brake Horse-Power. 


Capital cost of plant per HP. Annual Annual 

Sizeot ————— installed. cost of 10- cost of 24- 
plant, Machin- hr. power hr. power 
. ery,etc. Buildings. Total. per B. HP. per B. HP 

10 $137.00 $40.00 $177.00 $53.48 $90.02 

2 110.00 36.00 146 00 7 75.22 
30 93.00 33.00 126.00 73 65.99 
40 84.50 29 00 113.50 59.85 
80.00 26.00 106.00 32.27 565.22 
60 79.00 24.00 103.00 30.49 52.03 
80 78.20 22.00 100.20 28 70 48.95 
100 77.50 20.00 97.50 27.05 45.40 
15 76.00 19.00 95.00 25.87 43.17 
200 T4A.00 17.00 91.00 24.9% 41.78 
300 73.00 16 00 89.00 24.24 40.40 
400 71.50 14.00 85.50 23.41 89.03 
500 70.00 12.00 82.00 22.54 87.54 
THO 67.50 10.00 77.00 21.55 35.99 
1,000 65.00 8.00 73.00 20 46 34.66 


TABLE VI.—Showing the Effect on the Cost of Power of 


a Variation in the Price of Coal of 50 Cents per 
Ton. 
Size of --Suction producer-gas—, 
plant, HP, 10-hr. 24-hr. 10-hr. 24-hr 
10 $1.15 2.53 Simple $6.14 $13.47 
2 1.13 2.46 side valve 5.25 11.56 
30 1.10 2.40 engine. 71 10.35 
40 1.07 2.33 2.56 7.34 
50 1.04 2.29 Simple auto-| 3.37 7.41 
60 1.01 2.24 matic non- 3.26 7.16 
80 98 2.18 condensing. 3.15 6.97 
100 96 2.12 3.12 6.87 
15 94 2.07 { 1.75 3.85 
200 92 2.02 Compound 1.69 371 
300 20 1.98 Condensing. |} 1.62 3.60 
400 -88 1.94 | 1.56 8.44 
5OO 1.89 Compound con-f{ 1.39 8.05 
TO 1.81 densing; water; 1.39 3.05 
1,000 -76 1.72 tube boilers.| 1.39 3.065 
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favorable topographical conditions in the neighborhood 
ef the power site, and the magnificent storage facilities 
offered by Lake Nepigon, with its 1,500 sq. mi. of area, 
which would obviate all necessity for ar-.ificial regulation 
for some time to some, combine to make this a most 
attractive proposition from an engiseering standpoint 
(3) Slate Falls Development: This power is situated on 
the Mississauga River, about 25 mi. from the town of 
Bruce Mines. A head of 40 ft. can be obtained here, 
and in view of the natural conditions, the scheme of de- 
vNopment is simple. No natural storage basins are 
available in the vicinity, but the dam necessary for the 
development will provide storage sufficient for any 
daily .peak load within the limit of the temporary over- 
load capacity. 

TRANSMISSION OF POWER.—In all cases, the use 
of a high-class wood pole has been assumed, with tele- 
phone wires on the same poles. 


THE TESTING_OF IRRIGATION PUMPING PLANTS. 

During the summer of 1905, by the cooperation 
of the Office of Experiment § Stations, United 
States Department of Agriculture, and the State 
of California the testing of pumping plants to 
determine the actual cost of pumping water, for 
irrigation, by various methods and under vari 
ous conditions. The work was entirely in the 
field and carried out near Pomona and Riverside 


4 Timber 


to the end of a stick. The surface is noted at the be- 
ginning and end cf the test by marks made on the stick 
with the blade of a penknife. The distance between 
these marks should be measured with a fine scale, and 
from this and the dimensions of the tank the volume 
of the gasoline is computed. It is of particular im- 
portance to make this measurement every hour in order 
that an accidental change in the running conditions, or 
an error, shall not destroy an otherwise good test. When 
the tank is irregular in cross section or when, though 
cylindrical, the axis is horizontal, the surface is noted 
at the beginning of the test as before and at the end 
of the test the engine is shut down at once. Weighed 
quantities of gasoline are then poured into the tank 
until the level returns to the original mark, dnd the 
tots] weight consumed is known. A_ tested spring 
bilance weighing up to 20 Ibs. is convenient for this 
work. Crude oil used for steam boilers can be meas- 
ured in the same way unless the area of the containing 
tank is too great to make an appreciable fall in the 
strfice during the test. In this case (and in all cases 
where possible) the oil should be weighed out. The 
pipe leading from the tank to the boiler should be cut 
and the burners made to draw their supply from a 
barrel on the floor of the station. This in turn is re- 

pleniched from time to time from a second barrel on a 
platform scale. This second barrel is filled either 
directly by gravity from the oil tank or by a hand pump 
from the s*me source of supply. In this way weighed 
quantities of oil can be poured into the first barrel but 
care should be taken that 
the level of the oil in this 
latter is the same at the be- 
ginning and end of the test. 
In all cases the density of 
the gasoline, or oil, should 
be taken on a _ hydrometer 
so that weight can be reduced 
to gallons. 

MEASUREMENT OF POW- 
ER.—Measurement of the 
indicated horse-power of a 
gas engine is the most diffi- 
cult of all measurements to 
make in the field. It was 
found that all ready-made 
reducing motions, or reduc- 
ing wheels, are unsatisfactory 
when used on the ordinary 
gas engine and that the 
pendulum-reducing motion 
gives the best results. The 
following is a description of 
the device used: In nearly 
all gas engines there will be 
found a set screw at ‘‘a”’ 
(Fig. 1), which serves to hold 
the wrist pin in the piston 
and prevent it from turn- 
ing. In many engines there 


are two of these. This 
set screw is removed and an- 
FIG 1. GENERAL ARRANGEMENT. REDUCING MOTION FOR GASO- ether: taserted: “Bas 


LENE ENGINE INDICATORS. 


in southern California and in the reclamation 
districts of the lower Sacramento River. 

The field work was considered inclusive enough 
to serve as a basis for establishing a con- 
venient and satisfactory system. For the in- 
struction of persons desiring to make similar 
tests the methods and results have been pub- 
lished as Bulletin 181, Office of Experiment Sta- 
tions. Copies may be obtained from the Depart- 
ment of Agriculture, Washington, D. C. The 
following extracts from this bulletin have been 
arranged so as to show the main features and 
general results of the work as presented therein. 


The field work included two classes of tests. The first 
class consisted of complete tests or those as nearly com- 
plete as the conditions of operation would permit. 
These required measurement of the power developed, 
either by means of the engine indicator or by indi- 
eating wattmeters, a continuous record of the lift, a 
measurement of the water by means of a weir and a 
measurement of the fuel consumed. The second class 
consisted of partial tests where no measurement of 
power was attempted but merely a measurement of fuel 
(or electrical energy), water and lift for the purpose of 
determining the cost of pumping water. Throughout 
the season’s work particular efforts were made to obtain 
the cost of installation and operation in order to esti- 
mate the fixed charges and labor items which constitute 
so large a portion of running expenses. 

MEASUREMENT OF FUEL.—Gasoline for small en- 
gines is usually contained in cylindrical tanks at some 
distance from the pump house and piped to the engine. 
In such cases the position of the surface of the oil is 
taken with a small hook gage, consisting of a sharpened 
piece of wire bent into the form of a hook and fastened 


slotted head, as at ‘‘a’’ (Fig. 

2). Several of these should 
be kept on hand to correspond with the standard sizes of 
set screws—that is, %, %, %, ete. This slotted set 
screw is set into the piston with the slot vertical. A 
number of flat links are then made with lengths vary- 
ing from 14 to 28 ins., and about */,. x %-in. in cross 
section. The longer ones may be made heavier, say, 
\% x 1 in., but the ends must be brought down to °/,.-in. 
in thickness to fit the slots in the set screws. The 
link is chosen which corresponds to the stroke of the 
particular engine under test, and one end is fastened 
into the slotted set screw by a */,-in. split pin. A lever 
or pendulum is then constructed of light strong wood as 
shown in Fig. 2. The lower end is protected with \-in. 
iron plate, as shown, so as to receive the other end ‘‘b”’ 
of the link, and this latter is secured thereto with a 
small bolt. At the upper end of the pendulum there 
is fastened by a couple of wood screws a sector whose 
radius corresponds te the stroke of the engine under 
test, and both sides are protected with %-in. iron 
plate. The whole is hung from an iron pin containing 
a shoulder as shown at “‘c’’ (Fig. 2). A couple of jam 
nuts prevent the pendulum from slipping off the pin, 
which is passed through a wooden block nailed to a 
timber which spans the pump-house above the engine at 
right angles to the line of connection. This timber 
should be braced from the roof or sides of the building. 
The pendulum is so adjusted that it hangs vertical with 
the piston at mid stroke and with the link a—b hori- 
zontal. A groove is cut on the perimeter of the circular 
sector, and a piece of metal with a V-shaped notch at “‘d”’ 
(Fig. 2) engages a knot on the indicator card, so that 
the indicator can be hooked up or unhooked without 
difficulty. Care should be taken that the whole appa- 
ratus is well constructed, so that no breakdown may 
occur when running at high speed. Where engines are 
“short connected” no great error is caused by allowing 
the end b of the pendulum to override the crank at its 


extreme outward throw. Of course only suc! 
can be indicated as have the necessary openin: 
indicator plug or some Opening into 
chamber to which the indicator can be atta: he 
piping. Nearly all steam engines are alread 
the indicator and with them the ordinary red 
may te used. 

In taking cards on a gasoline engine it h 
custom to take a number on the same sj 
to ten. Successive cycles in such engines 
identical so that a series of cycles is necessa 
average indicated horsepower. Where th: 
very nearly alike, so that the lines run clo 
and blur into one another, the planimeter 
by eye through the mean position of such Jin: 
the cycles differ widely the planimeter ca 
around each separately and the set average: 
way. A single cycle taken with the indicator «) 
line engine is of little use in computing hor 
The indicated horsepower is computed by the 
formula: 


AN. 
33,000 


oP. = 


in which, 
P = mean effective pressure in Ibs. per sq 
= length of stroke in ft. ; 

A = effective area of piston in sq. ins. 

N = number of effective strokes per min 


For measuring electric power the indicating 
is used. E. HP. is computed by dividing Kw. 


Fig. 2. Details of Reducing Motion for Gasolene 
Engine Indicators. 


MEASUREMENT OF LIFT.—Few pumps are ‘0 ar- 
ranged that it is convenient to attach pressur and 
vacuum gages and thus obtain the actual head worked 
agaifst by the pump. In deep-well, air lift and crntri- 


fugal pumps running under water it is practically im- 
possible to use gages, and so few plants were found 
where gages could be properly applied that the attempt 
to get the working head by this method was abandoned 
and the measured or leveled head was used ‘usiead. 
This is obtained by measuring with a tape the \ertical 
distance from the surface of the water in the sump 
or in the well casing to the center of the final dis 
charge. When the pump runs under water in « open 
pit or when the suction draws from a ditch or stream 
this is most easily done by attaching a float to ‘le eud 


of the tape and lowering it until it touches the water 
When the level of the water falls so as to be below the 


top of the casing of a bored well or in an air we'll the 
measurement is more difficult. Where there suffi- 
cient space between the well casing and the suction 
pipe, say 1% ins., a small float may be lower: to the 


water level if the welt is bored straight. A g rub- 
ber tube, open at both ends, is sometimes us: for de 


termining water levels in wells. By weightin: one en 
the tube can be lowered into a very narrow ce and 
the water level can be determined by blowin  ‘hroush 
the tube with a steady pressure. However, crook- 
edness of the well casing and the sleeves on suction 
pipe may prevent the lowering of the tube. 

the 


tape may be lowered into the well and wi'! wh, 


wet portion indicating the water level. T! liffieulty 
here is that the w9t sides of the well casing | 
pipe may give false indication and it eo ly fa! 
if water is draining from the pit into the |. With 


all the different methods tried several ins! .ces We 
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— 
found ¥! » was impossible to measure with certainty On account of this rather rough method of measurement of the oil, the apparatus required must be many times 
the det water. Since the actual head pumped no closer approximation than the Francis formula was larger and more elaborate. Sych a method js scarcely 
seainet juable information for the irrigator him- made. applicable to tests of the character of those herein de 
sat the ‘ter proposes the following arrangement, The useful water horse-power of a pump is computed scribed, especially as the feed water is the least im- 
Og stalled when the plant is erected, would by the following formula: portant factor from our point of view. 
furnish asy and certain method of determining the SUMMARY OF COMPLETE TESTS 
it. |W be pump or suction pipe is first lowered setul water horse-power = . oe? In whic Table I. summarizes the results of 38 tests. For the 
jnto the let a small pipe, of say % or %-in. diam., @ = volume of water pumped in cu. ft. per sec gasoline-engine and steam-engine driven plants the plant 
be lowe! with it. This can be secured to the sides w == welaht of 1 cu. 1% of water = 62.3 Ite. ; efficiency is the ratio of the useful water horse-power 
of the SU pipe at intervals and should reach within whidh. the ‘eater to the indicated horse-power For the electrically 
a foot 0! of its lower end. Its length must be care- raised, in ft driven plants, the plant efficiency is the ratio of the 
fully mee ured before lowering. The upper end should MEASUREMENT OF FEED WATER.—Feed water useful horse-power to the electrical horse-power. The 
be conne ed to receiver of about 1 capacity for steam plants was measured, possible, by waler ex 
and an acurate pressure gage attached to this patter. ord taking the fall in the level of the feed tank, and ia one 
can be forced into this receiver with a small bicycle is | 2: 
pump, OF * the engine be so arranged as to sana ¥ stalled in the feed line. For a careful test the water | sec y | 
compre air this can be used to charge ie seein should be weighed out on a platform scale exactly as j gPB | 
The pre re gage will then Si e ull the _ bubbles described for oil measurements. As the amount of feed ots 
out of the end of the small pipe but no higher. The water handled, however, is more than ten times that 235 “To 
supply mpressed air being discontinued the reading Os jong 
of the multiplied by 2.3 will give the length of the 1 ee SHwSseZsoeZess | 2 
<mall pipc submerged, which when subtracted from the 
total leneth of the small pipe will give the depth to i| 
water is evident that a paper dial, graduated so as \| asa nanocomenme | oa 
to read (be actual lift on the pump directly, could be $25 
substituted for the regular one on the gage. 
ME REMENT OF WATER.—The discharge was SO 
measur n nearly every instance by means of a weir. 3 HSSUNSSSSAN 
Many plents in southern California have weirs installed 
either at the pump-house or somewhere on the pipe line 1| 
These usually consist of a concrete box which receives = puv eoue 
the wa from the pump at one end and delivers the a -pusny 
water over a weir set in a concrete partition into a | 
second compartment from which the pipe line dis- 
ributes the water to the orchard. When the pipe line i} 
is very long or of too small diameter or has little slope 2 
the weir is drowned and rendered useless. The free “ayedod 
contractions of most weirs made in this way are in- || 
terfered with by the concrete of the partition coming too i} = 
close to the crest and sides of the weir. The box is || a Rk 3 Pore a 
nearly always too short to permit the use of baffle plates 
to still the violent commotion produced by the pump aad 
discharge. For purposes of testing, an ordinary weir 1} 2409 [BIOL 


Fig. 3. 


Portable Steel Weir for Measuring Dis- 
charge of Pumps. 


board set in an open ditch is vastly better than the 


majority of permanent weirs found in the ditches 
tested 

All the results of these measurements 
computed by means of the Francis formula, 

Q = 3.33 (b—.2h) h 3/2 

that being the basis of most of the weir tables in use 
by the irrigators and also the one employed by this 
office in compiling its weir tables.* The writer is cer- 
‘ain, however, from his own experiments, as well as 
from the work of others, that this formula gives results 
‘oo small for low heads and narrow crests. Francis 
himself did not intend it to be used for heads under 6 
‘nt and for breadths under 8 ft., yet it has been ex- 
‘ended to cover all cases of heads and breadths. A 


have been 


— approximation to the discharge would probably 
. reached by using the weir coefficients of Hamilton 
Smith, Jr. The same criticism applies to the Cipolletti 
Weir formula as generally used. 
Bad i. on the weir was measured by an ordinary 
- J : ld on the head of a nail which was previously 
— with the crest of the weir by means of a 
a (ge and machinist’s level. The readings could 
10t be vade closer than the nearest one-sixteenth inch. 
D 
ton Office of Experiment Sta- 
sulies, by John ‘Witey, N. ¥. 
I. BASIS. FOR COMPUTING FIXED CHARGES. 
engine plants: 
De Per cent. 
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GASOLINE PUMPING PLANTS. 


TABLE II.—SUMMARY OF COMPLETE TESTS ON 
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TABLE IV.-SUMMARY OF COMPLETE TESTS ON STEAM-DRIVEN PUMPING PLANTS. 
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TABLE V.—COST COMPARISON: GASOLINE, ELEC- 
TRIC AND STEAM POWER PUMPING. SOUTH- 
BRN CALIFORNIA TESTS WITH CENTRIFUGAL 


PUMPS. 
Pumping Cost Alone. 
Amount 
water raised. Motive power. Cost. 
1 ft.-acre-ft........ gasoline 1.5 to 5.0 cts. 
electricity 5 to 10. 


4. 
..Steam (oil fuel) 1.5 upwards. 
Total Cost, Including Attendance and Maintenance, 


1 ft.-acre-ft........ gasoline 4.0 upwards. 
-Clectricity 7.0 to 16.0. 
steam (oil fuel) 4.0 upwards. 


pressed as the number of gallons of oil or the number 
of KW.-brs. required per useful water HP.-br. In re- 
ducing this to actual cost the price paid by the pump 
owner per gallon of gasoline, per barrel of crude oil or 
per KW.-br. has been used. The number of hours 
which each plant runs per year, the cost of the plant, 
and the cost of attendance and repairs have each been 
obtained as accurately as possible. From the nature of 
the case these items are somewhat uncertain. The rate 
of depreciation of pumping plants varies through an 
enormous range, being determined largely by the skill 
and care of the attendant. Many plants are not insured 
at all. Averaging all conditions found, Table I. appears 
to be a fair estimate of the rates suitable for use in com- 
puting the fixed charges of the various types of plants. 

In the case of the larger steam plants that per cent. has 
been chosen for each individual case which seemed 
suitable to the special conditions of the plant. These 
percentages are applied to the first cost of the entire 
pumping station, including the cost of wells. The latter 
of course varies greatly with the depth of the wells. 

The item of labor is also a difficult one to estimate, 
Some plants employ an engineer during the whole year, 
and others only during the pumping season. Others have 
one man to look after several plants and many plants 
have no attention whatever. 

GASOLINE PLANTS.—The following table summarizes 
the results of the test of pumping plants using gasoline 
engines: 

Tests numbered 1 to 9 are of gasoline engines running 
centrifugal pumps. They are arranged in order of the 
amount of the useful water horse-power, beginning 
with the smallest. Tests 10 and 11 are of gasoline en- 
gines running deep-well pumps. This table covers a 
wide range and includes within its limits the majority 
of gasoline power pumping plants in use for irrigation 
in California. 

The plant efficiency varies irregularly. It depends 
somewhat upon the condition of the gasoline engine, 
but probably chiefly upon the arrangement and condition 
of the pump and piping. All turns and obstructions in 
the piping, any variation in speed of the pump from 
the speed most suitable to the discharge and lift, any 
great length of discharge pipe, all tend to reduce seri- 
ously the plant efficiency. To secure the best results 
the size and speed of both pump and engine and all the 
connections and piping should be carefully planned for 
the special conditions under which the plant is to 
operate. In general the results indicate that the plant 
efficiency should vary from about 30% for the smaller 
plants to about 50% for the largest plants. 

The plant efficiency in deep-well pumps in general may 
probably be expected to surpass the efficiency of cen- 
trifugal pumps, although the two tests, Nos. 10 and 11 
in this series, are scarcely sufficient to prove the general 
statement. The efficiency and amount of gasoline con- 
sumed in these two tests compare very favorably with 
the results obtained from centrifugal pumps of much 
larger capacity, and this fact tends to compensate in some 
measure for some of the disadvantages attendant upon 
the use of deep-well pumps. 

The price of gasoline has been remarkably low (7% 
cts. per gal.) in southern California, because of the fierce 
competition of oil producers and refiners in that region.* 

In other pumping localities 10 to 12 cts. a gal. is con- 
sidered a low price for gasoline, and it is doubtful if the 


*Report on Transportation of Petroleum, Bureau of 
Corporations, Department of Commerce and Labor, p. 426. 


Discharge. 
oe 
2s =o =e = 
galls. feet. perct. h. m. 
62.0 5.01 145 35 2 10. 
992 225 56.62 126 45 190 9. 
566 60.3 8.57 220 39 2 30 16. 
1,383 28.1 9.45 55.2 17 2 0 41. 
620 943 14.7 319 46 3 O 23 
494 122.4 15.3 316 48 4 0 23: 
817 1889 39.0 71.2 8 3 0O 583. 
221 382 2.18 7.136 3 1 0 & 
194 63.0 308 842 387 2 0 6. 
337 «63.0 5.36 13.1 41 2 15 98. 
310 75.0 5.87 111 2185 
3338 888 7.46 137 & 1 10. 
305 98.1 7.55 154 49 . 4 11 


TABLE III.—SUMMARY OF COM 


present low price will be long maintained in southern 
California. 

On account of the great and variable cost of wells, the 
total cost of plant bears no direct relation to the capacity 
of the pumping plant. 

In many cases the charge for attendance and repairs 
on gasoline engines is merely nominal, but when there is 
a charge for attendance it is of considerable importance 
in comparison with the cost of gasoline. In nearly all 
the tests reported above the annual fixed charges for 
interest, depreciation and taxes, computed at 20% on the 
total first cost of the plant, far exceed the cost of gaso- 
line, attendance, and repairs per year. This relation 
evidently depends upon the number of hours the pump 
runs per year. Since in many cases the pumps are used 
to supplement natural stream flow, the amount of use of 
the pumps fluctuates from year to year. Hence the in- 
terest on the pumping plant is in the nature of insur- 
ance on the crop, and it is scarcely fair to charge this 
item in its entirety as cost of pumping. 

The cost has been reduced for purposes of comparison 
to cost per useful HP.-hr. under the items fixed charges, 
gasoline consumed, attendance and repairs, and total, 
and to cost per ft.-acre-ft. under the items gasoline 
consumed, and total. The latter are obtained from the 
corresponding items under the cost per useful water 
HP.-hr. by multiplying by 1%. The last columns of the 
table give the cost per acre-ft. of the water actually 
pumped under the headings for gasoline consumed and 
total. These are obtained from the preceding columns 
by multiplying in each case by the lift. These results 
are interesting as showing what it is actually costing 
irrigators in southern California to pump water. 

IELECTRICALLY-DRIVEN PUMPS.—Tests numbered 
12 to 24 are for electrically-operated pumps. Nos. 12 to 
18 are centrifugal pumps arranged in order of useful 
water horse-power output, No. 19 is a screw pump, Nos. 
20 and 21 are deep-well pumps, No. 22 is a triplex pump, 
and Nos. 23 and 24 are two tests on the same rotary 
pump. The electrically-operated pumps tested had ap- 
proximately the same range in size as the pumps run by 
gasoline engines. The results are summarized in Table III. 

As a rule, the plant efficiency for the electrical pump is 
definitely higher than for a corresponding plant operated 
by gasoline. This is probably largely due to the fact that 
proportionally less energy is absorbed in the motor than 
in a gasoline engine. There is less variation in efficiency 
due to size of plant for an electrically operated plant 
than for a gasoline plant. In Test No. 15 the efficiency 
was abnormally low. 

As compared with centrifugal pumps, test No, 19 
shows the screw pump to be less efficient; tests 20 and 21 
show the deep-well pumps to have about an equal effi- 
ciency; tests 22, 23, and 24 show the triplex and rotary 
pumps to have somewhat higher efficiencies, but no very 
conclusive statements can be based on so few tests. The 
table shows that under the best conditions the smallest 
plants require about 1.6 KW. per useful water HP. and 
the largest about 1.4 KW. 

STEAM-DRIVEN PLANTS.—Tests numbered 25 to 
88 are of steam-driven pumping plants. Nos. 25 to 32 
have centrifugal pumps, Nos. 33 and 34 are plunger 
pumps, and Nos. 36, 37 and 38 age air-lift pumping 
plants. Test No. 30 is based on Nos. 28 and 29, running 
simultaneously, and similarly No. 35 consists of Nos, 33 
and 34 running together. All these plants burn crude 
oil as fuel. The largest ones are very much larger than 
any of the gasoline or electric plants tested and hence 
not strictly comparable with them. A summary of these 
tests follows: 

For the plants using centrifugal pumps the plant effi- 
ciency does not seem to differ definitely from the effi- 
ciency for gasoline or electric plants. The plant efficiency 
of the plunger pumps is much higher than for any other 
type, while for the air-lift plants it is very much lower. 

The amount of crude oil consumed varies from over 
0.8 gallon per indicated horse-power hour for the smallest 
plant to a little over 0.2 gallon for the largest plants. 
For those using centrifugal pumps the amount of crude 
oil used per useful water horse-power hour varies from 
2.5 gallons for the smallest plant to about 0.5 gallon 
for the most economical plants. A comparison with 


gasoline engines of corresponding size sho. 
four times as much crude oil is required 
under a steam boiler as is needed of gas; 
in an internal-combustion engine. Whe, 
run intermittently considerable fuel is requ 
up steam preparatory to starting the ; 
probable that in such cases the actual ; 
the plants required more fuel in proportio 
done than is shown in the tests. 

Table V. gives a general summary o/ 
obtained with centrifugal pumps using ¢ 
tricity and steam (oil fuel) as the motive pov 
prevailing in 1905 in the given locality. 

Tests 2 and 12 afford a direct comparison 
gasoline and electricity. The pump and pipi 
same in the two tests, but the speed of th 
slightly higher when run by the electric mot 
in an increased discharge from the pump. 
be possible source of discrepancy in the 1 
figures show for this plant the cost of gaso| 
1 acre-foot of water 1 ft. high to be 3.7 
cost of electricity to be 6.9 cts.; while the to: 
the gasoline plant is 6.9 cts. and for the . 
8.8 cts. per ft.-acre-ft. 

Tests 16 and 26 afford a direct comparison of 
electricity and steam. The two tests were n 
cession on the same plant under identica! 
The results show the cost of electricity per 
of water pumped to be 5.2 cts. and the cost of 
for producing steam to be 3.6 cts, 

Tests 23 and 24 were carried out on the ;« 
In No. 23 the plant was working under favor 
tions. In No. 24 the pump was sucking air 
of a deficient supply of water. The results <} 
this case having the pump too large for the w 
increases by about 10% the charge for electri 
acre-ft. of water lifted. 


STEAM MOTOR CARS ON THE INTERCOLONIA\ Ry. 
CANADA. 


The Intercolonial Ry., of Canada, is one of th: 
numerous railways now experimenting wit! 
motor cars, and it has cars of two different: | 
in service. In both types a steam truck forn 
the motive power development. One of e is 
on the Ganz system, developed in Europe; in this 
system a high-pressure steam generator is used 
and gearing is interposed between the 
shaft and the driving axle, as in the Wagenhals 
car, illustrated in our issue of April 25, 1007. Thy 
others are on the more common system i: hich 
the cylinders drive one axle directly and the 
wheels are connected by coupling rods. 


GANZ STEAM CAR.—The car on the Ganz sys- 
tem is interesting on account of its speci! me- 
chanical feaures and also from the fact of its 
being of a type which has been used quite ex- 
tensively in Europe and is now being manufac- 


tured in this country. About 200 of these cars 
are now in use in Europe, and two cars for the 
Florida East Coast Ry. and the Intercolonial Ry. 
were imported from the works of Ganz & Co. 
Budapest, Hungary. The system is being intro- 


duced in this country by the Railway Auto Car 
Co., 114 Liberty St., New York, N. Y., which has 
shops at Peabody, Mass. This company lis al- 
ready supplied cars rated at 120-HP. each to the 


Erie Ry., the Florida East Coast Ry., the inter- 
colonial Ry., the Chicago, Rock Island & Pacific 
Ry., and the Delaware, Lackawanna & \\estern 
Ry. The first of these has been in operation on 
the Attica Division, near Rochester, N. Y The 
second is described below. The third w 3- 


ft. car with a single axle at each end. The fourth 
was built at the car company’s shops a)! is of 
steel construction throughout, with interior ‘nish 
of oak. It is 56 ft. long over the end si!s, and 


PLETE TESTS ON ELECTRICALLY-DRIVEN PUMPING PLANTS. 


Cost per useful water Cost per foot- Cost 
eon 265 8 Ss $ ef = : 
BSo SPF as geee OF. -F oe Bos a 
GER SEX REES SEX SSSR GR BS BR eek & 
OR 46 
2.16 2,600 28,100 $0.02% $1,150 $173 $657 0 $830 $0.013 $0.050 $0.00 $0.064 $0.069 $0.088 $4.2: Of 
1.67 4,320 40,600 oo” 2,500 375 810 $350 1,535 .015 .0383 015 .063 045 087 = 08 
1.91 1,440 23, 02% 1,600 240 2233 1053 019 048 018 066 
4.36 2,880 118,700 .01 3.000 450 2,130 500 3,080 017 .0O78 018 .10% 155 
1.54 558 13,200 .02% 3,400 510 132 72 .039 .054 157 rr 
1.36 160,000 .02% 6,000 4,000 1,200 6,100 (008 .034 .010 052 O47 O71 8: 
2:511,100 5.870 1500 225 11 342 006 050 0.146 0802012. 
2.04 2,160 138.600 .02% 3,580 150 1,030 081 .051 .155 .070 60 
1.82 2,160 21,100 .02% 4,950 740 1,420 064 .046. .013 123 .063 0 
1.41 1,4 11,900 .018 3,000 214 100 053 .025 .012% .034 2 
1.52 1,400 16,100 .02 2,000 $22 622 .030 059 
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seats ) passengers (including 16 in the smoking 


room); it also has a 7-ft. baggage room. The 


weight |» 35 tons in working order. 


The . © for the Intercolonial Ry. is shown in 


Fig. 1. At the front end is a boiler room 7 ft. 
ich contains the steam generator, the 


long, 

levers, feed-water pumps, lubricators 
and sr... accessory apparatus. Next to this is a 
7-ft. ) -sage room, then a smoking room for 8 


persons and the main compartment with seats 
for 82 passengers. At the rear end is a vestibuled 
platform. The car weighs 28 tons in working 
order ond carries a supply of fuel and water suf- 
ficient for a run of 50 miles. It is fitted with 
air and hand brakes, steam heat, and an acety- 
lene-gos lighting system. The frame and outside 
sheathing are of steel. 

The boiler is of a high-pressure type, and con- 
sists of four vertical cylindrical shells forming 
two annular water chambers which are connected 
by a series of tubes; these are slightly inclined 
from the horizontal, and provide the greater part 
of the heating surface. The upper tubes, being 
in the steam space, serve to dry the steam and 
can superheat it by about 150° F. The volume 
of water is small, and a continuous feed is sup- 
plied by pumps, being automatically varied to 
correspond with the steam consumption. The 
working pressure is 260 to 300 Ibs. The fuel (an- 
thracite or bituminous coal) is fed from the top 
into the interior cylinder, and falls upon a grate 
beneath the boiler; the gases and products of 
combustion pass through the annular space be- 
tween the two water spaces. The boiler is 3% ft. 
diameter and 4 ft. high, and can develop 120 HP. 
The motor, Fig. 2, is a two-cylinder compound 
horizontal engine, with piston valves, and is sus- 
pended from the steel sills of the car. It drives 
the rear axle of the four-wheel truck through a 
single set of gearing with a ratio of 1 to 2.67. 
The tractive effort is about 4,000 lbs. The en- 
gine runs normally at about 800 r.p.m., but can 
be run at 1,100 r.p.m. All parts are enclosed, 
and the crank shaft, valve gears and driving 
gears run in an oil bath. The cylinders are lub- 
ricated by force-feed lubricators operated by an 
eccentric on the driving axle of the truck. 

It is stated that before this car was accepted a 
number of trials were made by the Intercolonial 
Ry. The official test was from Moncton to Har- 
court and return, a distance of 75 miles. The 
run from Moncton to Harcourt, 37% miles, was 
made in 62 minutes, or at the rate of about 37 
mi. per hr. The maximum speed was 43 mi. per 
hr. The total coal burned in the 75 miles was 
925 lbs., which is equivalent to 12.3 lbs. per mile. 
The guarantee was for 16% lbs. per mile. On a 
1% grade one mile long from Moncton to Berry 
Mills a speed of 30 miles an hour was obtained. 
In another test over a distance of 26 miles, the 
Steam car hauled a trail car weighing 24 tons and 
the average speed was 31 mi. per hr. 

DIRECT-CONNECTED STEAM CARS.—These 
cars on the Intercolonial are of the same general 


FIG. 1. STEAM MOTOR CAR ON THE GANZ SYSTEM FOR THE INTERCOLONIAL RY.; CANADA. 
Railway Auto-Car Co., New York, Builders. 


design as many others in use in this country and 
abroad. The front end is carried by a four- 
wheeled steam truck on which the boiler is 
mounted, independent of the car body; outside 
eylinders drive the rear axle, while the wheels 
are connected by coupling rods. The design is 
somewhat similar to that of the Canadian Pa- 
cific Ry. steam car described in our issue of Aug. 
2, 1906, but while the latter has a boiler of the 
marine return-tubular type (with corrugated fire- 
box flue), the cars of the Intercolonial Ry. have 
vertical boilers resembling those used on the 
steam cars of the Great Western Ry. (of Eng- 
land), which were illustrated in our issue of July 
28, 1904. The engine can develop about 200 HP. 
and is designed to give a speed of 25 mi. per hr. 
on a grade of 1%. It can also have a trail car 
when necessary. The car is of wooden construc- 
tion and of ordinary design, except that an ellip- 
tical instead of monitor roof is used over the 
engine room. This part of the roof is of iron, 
and is removable so that the boiler may be lifted 
out. 


The engine room is 18% ft. long, and behind 
this is a baggage room 8% ft. long; next to this 
is a smoking compartment 9 ft. long with seats 
for 12 persons, while the main compartment (30 
ft. 3 ins. long) seats 40 persons. At the rear end 
are two toilet rooms. The vestibuled platform is 
extended to accommodate the apparatus neces- 


*sary for operating the car when running with 


this end in front; this includes a lever connected 
to the throttle valve, a brake valve, and cords for 


FIG. 2. ENGINE OF GANZ MOTOR CAR (WITH CASING REMOVED). 


- 


the bell and whistle. This end of the car is car- 
ried by an ordinary four-wheeled passenger car 
truck. The cars are heated by steam and lighted 
by the vapor system of the Safety Car Heating & 
Lighting Co., using mantle lamps. The front end 
of the car has a cast-steel body bolster of dia- 
mond shape which surrounds the boiler, and is 
connected to a transverse bolster beneath the ash 
pan. This latter has a center plate engaging 
with a similar plate on a cast-steel truck bolster 
suspended from the truck frames by four hangers. 
These hangers have equalizing springs with caps 
seated in hemispherical sockets so as to allow for 
the motion of the car body in passing around 
curves. Vibration is checked by horizontal 
springs between the boiler and the bolster. 

The steam truck has bar frames, connected by 
a cast-steel cross brace in front of the cylinders. 
The cylinders are outside and drive the rear 
wheels, as already noted. Coupling rods are used, 
and the slide valves are operated by Walschaert 
valve gears. Semi-elliptic springs are placed over 
the boxes, but are not equalized. The vertical 
boiler is 4 ft. 8 ins. diameter in the barrel and 6 
ft. in the upper part, which forms a steam drum, 
There are 360 copper tubes 1% ins. diameter, and 
as these extend 6 ins. above the water line (to 
the smokebox) they serve to dry or superheat the 
steam. The steam is taken from the top of the 
steam drum by a pipe leading to a T-head at the 
side. This carries the throttle valve and con- 
nections to the two steam pfpes. The exhaust 
pipes parallel the steam pipes and connect with 
a T-head from which a pipe is led to the exhaust 
at the smokestack. Feed-water is supplied by in- 
jectors. The boiler rests on a cast-steel trans- 
verse frame which is seated on the truck frames 
and bolted to both the boiler and the frames. 
Two coal bunkers in the front corners of the 
boiler room carry together about a ton of coal; 
and 1,200 U. S. gals. of water are carried in tanks 
hung beneath the car. Three of these steam cars 
have been built at the railways shops at Moncton, 
N. B., to the designs of Mr. G. R. Joughins, 
Superintendent of Motive Power. Their general 
dimensions are as follows: 


66 ft. O ins. 
Driving wheels ......... 6 ins. 
Truck wheels (trailing)... .. &ft. Oins 
Wheelbase, steam truck.... & ft. Oins 


Distance c. to c. of trucks 
Journals, driving axles.... 
Boiler, diameter ...... . 4ft. Sins. 


Boiler pressure ... -180 Ibs 
Firebox, diameter ry $ ft. 10 ins 
Tubes; No., 360; outside diameter................ 1%-in 


Heating surface: tubes ........ 685 sq. ft 
44 sq. ft 
Total 729 sq. ft 

Grate area .. ‘ 11% aq. ft 


Height, rail to top of smokestack.... 
Weight of steam truck (with boiler) 
Weight of car in working order... 


2,240 Ibs. 


2.1,200 gals. 


is 
| 
: | | 
| 
; 
| 
[ > 
- 142,500 Ibs. 
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MOVING A HEAVY PIER SHED WITH FLOATING 
DERRICKS. 

The interesting example of heavy moving 
work illustrated in the accompanying views was 
recently accomplished by Messrs. John Monks 
& Sons, Contracttng Engineers of New York 
City. The section of pier shed moved is about 
20 ft. long, 45 ft. high and 78 ft. wide and of an 


WORK ON THE MADEIRA & MAMORE RIVER RY. 


SURVEY IN BRAZIL. 

In our issue of Oct. 24 we published a con- 
tribution relating to the survey of the Madeira & 
Mamore River R. R. in which certain charges 
were made concerning the accommodations and 
sanitary arrangements for the engineers. 

We are now able to print portions of a letter 


FIG. 1. MOVING A PIER SHED WITH FLOATING DERRICKS; VIEW LOOKING TOWARD SHORE. 
John Monks & Sons, Contractors. 


estimated weight of 60° tons. It is located 
about the middle of Pier 45 on the North River, 
New York City. Recently it was decided to en- 
large the covered space on the pier, and esti- 
mates showed that it would be cheaper to cut 
the shed in two and move the outside end to 
the extreme outer end of the pier, building new 
work between the two parts than to tear down 
the gable end of the shed. Arrangements were 
made with the Merritt & Chapman Wrecking 
Co. for the use of two of its large floating der- 
ricks, and with these the detached portion of 
the shed was moved a distance of about 150 ft. 

The shed was built about 30 years ago of 
wrought iron built-up column bents and roof 
trusses spaced about 20 ft. apart, with the col- 
umns fastened to base blocks by bolts and filled 
in between with a wall of fireproofing tile, which 
materially added to the weight of the structure. 
Owing to the lightness of the old construction, 
new roof trusses were built and additional knee- 
bracing was added to the columns. The shed 
was cut at a point about 20 ft. from the outer 
end, and in Fig. 2 it will be noted that a wooden 
temporary truss was substituted for the iron 
one originally at this point. The two derricks 
were floated to either side of the pier and chains 
were connected from each boom to the outer 
and inner edges of each side of the roof trusses, 
both at the hip and at the eaves. These chains 
were passed through the roof and fastened onto 
the bottom of the trusses. The bolts at the bot- 
tom of each column bent were then removed, 
the sheds lifted about 10 ft. from the wharf 
floor and the barges were moved by their own 
power to the new position of the section where 
bolts were already in place into which the col- 
umns were fastened. The whole work took only 
the bet'er part of a day and the moving proper 
about 15 minutes. No part of the structure was 
seriously injured in moving. 

We are indebted to Mr. J. W. Ripley, M. Am. 
Soc. C. E., Engineer in charge for the contrac- 


tors, for the information and photographs here- 
with presented. 


just received from Mr. W. A. Welch, Principal 
Assistant Engineer of the expedition. The letter 
is dated at Santo Antonio, Nov. 10, and was a 
private letter written to an engineer friend in 
New York City, who is not connected with the 


railway company. We quote from it as follows: 


Dear Sir: Your letter of Sept. 12th has just reached me 


and I will gladly give you the information you request. 


Upon the arrival of the party at Santo Antonio, Mr. 


5. 

— 

Miller, the Chief Engineer, at once started on ; nais- 
sance and left Mr. Sisson to erect the camp, « land 
where there was good water and a good cleared sits 
A party of the contractors’ forces came up « same 
time Mr. Miller's party did, to get some buildi: and 
get ready for the larger force which was to { and 


this party lived with the engineers until they 
to establish a camp of their own. 

The sanitary arrangements of the camp esta ed 
Santo Antonio (on the island) were good, as ev) 
the fact that there was not a case of any sort 
in that camp, other than malarial fever up to 
when I moved the entire camp up the line. 

As for being starved in that camp, I will sa, 
lived entirely upon the supplies which came u) 
party in June, until Oct. 23, when the next shi; 
rived. And at no time was our camp mess, 10: 
the other camp or the hospital, in any way ! 
average engineer camp mess in any way. 

Beside our canned goods and the staples w: ught 
down from New York, we have been able to hase 
fruits, vegetables, eggs and fresh meat here, a: th 
camps have been supplied with these nearly ever) 
have lived in camp most of the time for the pas: 
and have lived as well here as in any other cam 

There were filters supplied, at once, to all cam); ind at 
no time has there been any trouble with the wate; 

The Doctor, E. E. Shivers, had never been in th. : 
before, but was raised and has always practic) 
swamps along the Mississippi River, as bad a © alaria 
country as there is on earth. He thoroughly und 
the treatment of every form of sickness we } 
here, and he is a good surgeon. 

Regarding the health conditions here I want to 
plainly that in Santo Antonio and the vicinity 1) 
great deal of malaria. There are many mosqui!.+< and 
most of them are of the malarial type. I am the only 
one of the party who has not had an attack, a)! [| did 
have a number of attacks while working in the Missis- 
sippi country. The fever yields readily to treatment and 
we have had no deaths or serious illness among t) boys 

We now have another Doctor, H. P. Belt, who boas had 
ten years’ experience in Mexico, Central Americs Cuba 
the Philippines and South America. His wife, who is the 
best trained nurse I ever saw, is with him: and our hos- 
pital arrangements are all that can be asked. 

We havé moved our camps up the line and 
fine, high, healthier country, no mosquitoes 


had 


| you 


are Ina 


spring water. ~The contractors have established head- 
quarters at Porto Velho, 7 kilometers below Santo An- 


tonio, which is to be the terminus. It is a fine, dry 
place and comparatively free from fever. 

The country ahead, which the line will traverse. is all 
from 100 to 150 ft. above the river and ful! of gool 
springs and very few swamps and lakes in it, and | am 
sure the health of all the parties on the line wii! be a: 
good as or better than on any tropical work | know of 

While I do not like being away from my family | am 
satisfied that I am in a very good place for the jext few 
years. The work is not difficult, is like work on the 
Western plains, except for the dense forests. 

Yours truly, W. A. Welch 


fad, 


| 
ay 
4 
X 
4 
Fim / | | q \ 
| | 
| 
Po FIG. 2. VIEW LOOKING TOWARD RIVER, SHOWING PIER SHED SUSPENDED BY DE CKS. 
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The added safety afforded by two water supply 
mains is universally recognized, but the num- 
ber of such mains which may be found lying side 
by side is evidence that there is but little recog- 
nition of the fact that to secure the maximum 
of safety duplicate mains should be so sepa- 
rated that a break in one will not mean the 
almost certain crippling of the other. We have 
referred to this matter before, but now, unfor- 
tunately, we can enforce our warning by a con- 
crete example. The city of St. John, N. B., early 
this month, suffered a brief water famine (which 
of course might have been accompanied by a 
conflagration) through the breaking of a 24-in. 
and a 26-in. water main at a point where they 
had been laid close together. Of course we do 
not go so far as to say that duplicate water 
supply mains should never be laid side by side, 
for there ,are often great advantages in doing 
this, particularly when an existing right-of-way 
is sufficient for another main and a second right- 
of-way can be obtaiggd only with considerable 
difficulty, delay and expense. But frequently a 
second main might be provided at a safe dis- 
tance from the first with little additional trouble 
and expense, if only foresight were used in the 
original layout of works; or, this not having been 
done, if the location of the second main were 
fiven careful study. In the case of existing 
side-by-side mains the careful water-works offi- 
“ial will take every reasonable precaution against 
breaks and their consequences, including the 
and inspection of pipe lines, ready tele- 
communication between patrolmen and 
‘quarters, and, never to be omitted, repair 


‘crlal quickly available for use on any part 
of the lines, 


patrol 
he 


n 


wreck of the seven-masted schooner 
iuas W. Lawson” brings to an unfortunate 
‘he most interesting experiment in ocean 
“portation by sail-power that has been un- 
‘aken for many years. It has long been be- 
‘a that the sailing vessel is doomed to ex- 
‘ as a competitor for ocean freight trans— 
‘ion. In fact, it has already been beaten 
he steam vessel in almost. every trade, ex- 
a few very long voyages, where the coal 
“-csumption becomes so great as to seriously 


cut down the steam vessel’s carrying capacity, 
and in the coasting trade between ports too 
small to support regular steamer lines or to 
attract tramp vessels. 

It is in this latter trade on the Atlantic coast 
that the schooner has been developed from a 
small fisherman's craft to a vessel of large 
commercial importance. Several six-masted 
schooners have been built and are claimed to be 
commercially successful. The “Lawson” repre- 
sented an attempt to carry the same idea still 
further, and a vessel was produced so large that 
it had to enter into direct competition with 
steam vessels to secure business. 

While direct information is lacking, it is gen- 
erally understood that the “Lawson” has not 
been profitable to her owners. Perhaps the at- 
tempt to restore the sailing vessel is doomed 
to failure, anyway. It seems to us, however, 
that the ‘“‘Lawson’s” record might have been 
different had she been equipped with auxiliary 
power. In fact, in discussing the design of the 
vessel at the time she was built, we expressed 
surprise that this had not been done.* 

In the five years since the “Lawson” was built 
much progress has been made in the application 
of the internal combustion engine to marine use. 
It would to-day be possible, we judge, to equip 
a vessel like the “Lawson”? with an oil engine 
of, say, 250 to 400 HP., sufficient to propel her 
at proper speed in harbors and other contracted 
waterways, where the manoeuvring of a large 
sailing vessel is difficult and dangerous. Such 
an equipment would save much expense in tug 
fees, much time in entering and leaving ports, 
and would be a great safeguard in the handling 
of the vessel in storms. The fuel consumption 
of such a power equipment, used for such pur- 
poses only, would be a very small item of ex- 
pense, and the cost of attendance and repairs 
would also be small. 

If the “Lawson” has been unsuccessful, there- 
fore, it merely shows that sails alone cannot 
compete with steam, notwithstanding the ad- 
vantage of the schooner rig over square sails. 
It still remains possible that the sailing vessel 
with an auxiliary internal combustion engine 
can beat the steamship; if not now, then in the 
future, when the inevitable occurs in 
the cost of coal. 


advance 


If another object-lesson was needed to empha- 
size our comment last week on the need of State 
or Federal action to safeguard the lives of coal 
miners, it has been furnished by the third great 
coal-mine explosion occurring within two weeks. 
In this latest great tragedy, occuring in an Ala- 
bama mine, some fifty men appear to have lost 
their lives. From such information as the press 
dispatches give, there seems small room for 
doubt that it is the old story of a dust explosion. 
One wonders how many coal-mine owners in the 
United States understand the fact that the coal 
dust lying thickly along the passages of so 
many mines contains almost as great a poten-— 
tiality of destruction as so much gunpowder. 

It is stated that the United States Geological 
Survey contemplates a series of large-scale ex- 
periments on mine-gas and mine-dust explosions. 
Such experiments may have some value in at- 
tracting the attention of mine owners and mine 
managers to the need-of greater care in guard- 
ing against mine disasters; but the facts regard- 
ing mine explosions were most thoroughly in- 
vestigated more than twenty years ago. In the 
fall of 1886 there was published in Engineering 
News a series of papers giving the results of the 
investigation of a British commission appointed 
to investigate accidents in mines. Unless we are 
greatly mistaken, a large proportion of the cas- 
ualties which disgrace the record of the American 
mineral industry are due to failure to observe 
precautions which were recommended by high 
authority over a score of years ago. 

Submarine highway tunnels of exceptionally 
large cross-section are a notable feature in the 
means of communication between the districts 
lying north and south of the River Thames at 
~ *Eng. News, Nov. 6, 1902. 


London, England. There are two of these tun- 
nels. The first is the Blackwall tunnel, 24 ft. 3 
ins. inside diameter, completed about ten years 
ago; the second is the Rotherhithe tunnel, 27 ft. 
inside diameter, which is now approaching com- 


pletion. The Blackwall tunnel* is 6,200 ft. long, 
of which 4,465 ft. are tunnel proper (1,200 ft. 


under the river), 1,382 ft. in “cut-and-cover,” 
and 1,735 ft. in open cut approach. It has an 
outside diameter of 27 ft., and has a lti-ft. road- 
way with two sidewalks 3 ft. 1% ins. wide; owing 
to the curve of the tunnel walls these narrow 
walks are extremely inconvenient. The ap- 
proach grades are 1 in 34 and 1 in 36 (2.94% and 


2.77%). The contract was let in 1S01, and the 
tunnel was opened in May, 1897. 
The new Rotherhithe tunnel is farther up the 


river than the other, and only a short distance 
from Brunel's first Thimes tunnel (1842), which 
is now used for railway purposes. It connects 
the districts of Rotherhithe and Ratcliff, and 
eresses the river in a diagonal direction in order 
to most conveniently connect with the main 
Streets and street railway lines, although no rail- 
way tracks will be laid through it. The tunnel 
has a cast-iron lining, and is being built by the 
shield system, under compressed air, although only 
a low pressure is required. A description of this 
work is given elsewhere, and was written for us 
by Mr. E. H. Tabor, M. Inst. C. E., Resident En- 
gineer in charge for the London County Council 
The work was commenced in April, 1004, and the 
headings of the pilot tunnel met in October, 1906. 
This tunnel is expected to be ready for traffic 
early in 1909. 


The Rotherhithe tunnel presents two features of. 
special interest in the construction work. These 
are the use of a pilot tunnel driven ahead of the 
main tunnel, and the use of an excavating ma- 


chine for the pilot heading. The pilot or so- 
called ‘‘small” tunnel is itself 12 ft. 6 ins. di- 
ameter, which can only be considered small in 


comparison with the 30 ft. outside diameter of 
the main tunnel. The excavating machine is a 
revolving wheel carried at the head of the shield, 
and fitted with cutting knives and buckets. This 
revolves across the face of the heading, the ex- 
cavated material being delivered by the buckets 
to a conveyor which extends back into the tun- 
nel and discharges into the narrow gage cars. 
The wheel makes about 12 revolutions per 
minute, the knives cutting out concentric grooves 
and a central core. This machine 
tion of Mr. Price, of Price & Reeves, 
tractors for the tunnel, and about a 
these.machines were employed during 
in boring the tunnels of the Great Northern, 
Piccadilly & Brompton Ry., which is one of the 
latest of the London electric rapid-transit “tube” 
railways. In the “tubes” of the Central London 
Ry., completed a few years ago, an excavating 
machine of a different type was used. It was on 
the principle of the ladder dredge, the ladder 
or boom being horizontal and fitted with an end- 
less chain of buckets which discharged their 
contents through a chute at the rear of the boom. 
This boom extended in the axis of the tunnel, 
and projected through the shield, being so pivoted 
at the rear end that its head could travel over 
almost the entire surface of the heading. When 
it had excavated to a depth of 1S or 24 ins., the 
shield was forced forward, the cutting edge 
trimming off the unexcavated part inside its cir- 
cumference. The saving in cost and time as com- 
pared with hand work was said to be very con- 
siderable. This machine was invented by Mr. 
Thomson, engineer for Walter Scott & Co., the 
contractors, agd it was described and illustrated 
in Engineering News of May 19, 1898. 


is the inven- 
the 
dozen of 


2 


Comparatively little has been done in the ap- 
plication of excavating machinery for tunneling 
in soft material, especially for submarine work. In 
land work some use has been made of steam 
shovels modified in design to enable them to work 
in the restricted space available. Besides the 
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Kotherhithe tunnel, some other submarine tun- 
nels also present interesting methods of con- 
struction. In the Hudson River tunnels, certain 
portions have been built without any actual ex- 
cavation. The closed shield has been forced 
bodily through the soft silt, compressing and 
driving back the surrounding material. For the 
new Detroit River tunnel, and for tunnels carry- 
ing the Metropolitan Ry. of Paris. (France) under 
the River Seine, the methods include the con- 
Struction of tube or tunnel sections on shore; 
these being then floated out and sunk in position 
in a dredged trench. These methods, of course, 
are. applicable only in very soft material for the 
former and with a very shallow depth of cover 
for the latter. They illustrate, however, the 
special methods which may be devised to meet 
special conditions. 


We are accustomed to receiving all sorts of re- 
quests, for information, aid, counsel and assist- 
ance and some of these requests are responded 
to, so far as human fallibility and the limitations 
of a 24-hour day permit. It not infrequently 
happens, however, that we have to turn the 
seeker for information away unsatisfied, and one 
such is the writer of the letter which we print 
verbatim as follows: 


Dear Sir: 

Please send me the full list of the names & addresses of 
the responsible firms who construct the trolley & steam 
roads, dams, ditches, sewerage, etc., in the U. S., if 
possible. Can you tell me what pay do each firm give? 
I enclose you a stamp for reply & the full list. 

Yours truly, 

——————. Springs, Conn., R. F. D. No. 1. 

Our correspondent can have his stamp. 


THE DESIGN FOR THE HUDSON MEMORIAL BRIDGE ; 
NEW YORK CITY. 


We illustrated in our issue of Nov. 21, the de- 
sign prepared by the Department of Bridges of 
New York City for the Hudson Memorial Bridge 
over Spuyten Duyvil Creek at the upper end 
of Manhattan Island. 

As our readers will recall, the design involves 
a reinforced concrete arch with the enormous 
clear span of 703 ft. According to the designers’ 
figures, the concrete in this arch (which is 15 ft. 
thick at the crown and 70 ft. wide), will be sub- 
jected to a unit stress of 750 Ibs. per sq. in. 

It is very seldom that this journal takes the 
responsibility of criticising the design of an im- 
portant engineering work; but we find ourselves 
compelled, after careful study, to do so in this 
case. We do not say that the great structure 
could not be built if unlimited expenditure of 
time and money is permissible; or that if built it 
might not stand up. What we do say is that the 
accumulated experience and knowledge of the en- 
gineering profession is not now sufficient to build 
a concrete arch of such enormous span with the 
assurance of safety that the public properly de- 
mands. In other words, the construction of this 
huge arch involves serious risk; and we can 
find no adequate reason why the City of New 
York should run such a risk. 

It is not alone the mere money risk that we 
consider, though that is serious enough. The to- 
tal cost of the great structure is estimated at 
nearly four millions, and the unprecedented dif- 
ficulties to be met may make the cost far in ex- 
cess of this sum. There is to be considered also 
the risk to life involved in a great structure 
whose margin of security is doubtful. There is 
further the risk of damage to the prestige of the 
engineering profession if this vast task should 
be undertaken and a failure should be made. 
This huge span has been adopted because the 
bridge is to be a monument; but it would be a 
poor memorial, indeed, of the man whose splen- 
did achievements it is to celebrate, were the 
structure to be found impossible when partially 
built, or worse still if it were to fail or even 
show evidences of weakness or insecurity at any 
point after completion. 

To build a concrete arch of 708 ft. span is not 
a mere step forward but a flying leap, and there 
is too much reason to fear it may be a leap in 
the dark. Not only is there no precedent what- 


ever for the construction of a stone or concrete 
arch 7UW0 ft. in span, but the largest concrete 
arch ever built has less than one-third this span. 

If this small arch is considered a precedent for 
the huge structure, then let it be recorded that 
experience in constructing the largest spans thus 
far attempted in stone or concrete arches shows 
that difficulties are encountered far more serious 
than those met in structures of moderate size. 

The superficial observer may argue that the 
task of erecting the 703 ft. arch is identical in 
kind with the task of erecting a similar struc- 
ture only 200 ft. in span; that the differences are 
only those of degree; that the actions and exi- 
gencies in the one case are the same as in the 
other, and are therefore known; and that the 
mere exercise of proper engineering knowledge 
and ordinary skill is sufficient to allow for the 
changed degree of the various phenomena and 
troubles concerned. 

This, however, is a fallacious argument. Lim- 
itations of size in actual experience prove to be 
very real. Practice demonstrates conclusively 
that arts and industries are generally advanced 
only by slow progression, and that danger is 
present in any sudden leap forward. 

The recent accident to the Quebec bridge is a 
Startling illustration. In that case the conclu- 
sions of sound and conservative designers, based 
on practice with structures of ordinary size, 
proved fatally erroneous when applied to a struc- 
ture of another order of magnitude. In the pres- 
ent case, the fact that a concrete arch ring of 
200-ft. span can be built in satisfactory manner 
without great risk or excessive difficulty is but 
slender support for the assertion that a 700-ft. 
span is feasible. 

The most serious risks involved, it is to be 
noted, do not lie in the completed structure. We 
find little to criticize in the manner in which the 
designers appear to have carried out their plans 
and computations. 

The calculations by which the great 703-ft. 
concrete arch was proportioned were painstaking 
and accurate. They appear to demonstrate sat- 
isfactorily that, if once the structure shown by 
the drawings could be built, and put in place, so 
that its parts would all aet together in the man- 
ner assumed by the designer, the arch would 
then be capable of carrying its own weight and 
the Superimposed loads with a fair margin of 
safety. It is true that an unusually high value 
has been chosen by the designers for the work- 
ing-stress in the concrete; 750 lbs. per sq. in. is 
a high stress for concrete in such tremendous 
masses as are here involved, where the distribu- 
tion of stress over a huge cross-section is a mat- 
ter of which we actually know little. But with 
great care, rigid selection of materials and close 
supervision, a sufficient factor of safety to ren- 
der this stress safe may be realized. 

But the question that must be solved before 
the design can be by any means approved is, 
how can this huge mass be put in place over the 
deep valley and brought under stress in the 
way the designer has assumed? The theory and 
the calculations assume that the entire mass of 
concrete and the 8,500 tons of imbedded steel 
are simultaneously without stress (except for the 
stress in the steel due to its own weight), that they 
continue so until the centering which supports it 
during erection is struck, and that they assume 
stress in strictly uniform proportion as load is 
applied to the arch. The erection cannot be con- 
sidered successful unless these conditions are at 
least approximately realized. Arrayed against 
the success of the endeavor to attain this end 
are the three great factors of (1) mobility of the 
centering, its settlement and elastic motion un- 
der load and temperature changes; (2) mobility 
of the steel reinforcement framework subject to 
similar influences; and (3) mobility of the grow- 
ing mass of concrete, due to shrinkage in set- 
ting and expansion or contraction with tempera- 
ture changes. The same problem, of course, is 
encountered in the erection of all concrete arches, 
but in short spans its difficulties are relatively 
small. As the spans grow larger, however, they 
increase in importance, and in the largest arches 
thus far built they have made the problem a 
very difficult one. With the length of span sud- 


denly multiplied by three, the problem j. 
to prove momentous. 

For a very small arch the centering 
assumed to be perfectly rigid; its def. ; 
distortion have no measurable effect on 
ring as it is laid up. In large arches, 
the behavior of the centering deman, 
eareful attention. If the attempt were 
lay up a large arch progressively from 
both ends, as may be done with perfec: 
in a small arch, the advancing wave of 
tion of the centering would distort the < 
arch, injure its integrity and, by giving ! 
ished arch a shape other than that in d 
vitiate the calculations on which the desi: 
based. For this reason, large arches }).; 
ways been thoroughly studied before cv) i 
tion to determine how the building-up . } 
ring may be distributed in order to minin: } 
effect of this distortion and eliminate its 
ous effects. Such study, which is of ne. 
largely empirical and guided by the exy: 
gained in building other arches of near the 
same magnitude, must become highly sp 
tive in the case of a structure very much 
than all previous ones. 

The same observation applies in identical 
ner to the difficulties produced by the e¢xpan- 
sion and contraction of the concrete during the 
erection and the action of the steel in rej:tion 
to the concrete, with the important excey tion, 
however, that the steel reinforcement proposed 
for the Hudson Bridge, being itself built 
as a self-supporting arch, introduces a com 
cation not present in the erection of any of the 
large concrete arches hitherto built. 

We have confined ourselves in the preceding 
solely to the difficulties in placing the arch ring 
so that stresses shall come into it in the manner 
assumed by the designer. That this must be ac- 
tually effected, if the safety of the completed 
structure is to be a matter of knowledge and tot 
of guesswork, every engineer will admit. 

But let us look now at the stupendous task 
involved in placing the centering for the support 
of the arch. As shown in our issue of Noy. 21, 
the arch is to span Spuyten Duyvil Creek, « tidal 
stream with 24 ft. of water covering some 40 
ft. of soft mud, underlaid by nearly an equal 
depth of sand. The total depth to solid rock 
varies from 70 to 140 ft. As the crown of the 
arch is 180 ft. above the water, a centering 
to support it, if founded on solid rock would 
have to be nearly 320 ft. high, or about the alti- 
tude of New York City’s tallest office buildings. 
If we assume that this centering is to carry the 
weight of the arch ring alone, the total load upon 
it will be about 100,000 tons. 

This vast weight must be carried on a tempo- 
rary centering 700 ft. long by 70 ft. wide: a load 
of 2 tons per square foot of floor area. The nec- 
essary openings in the centering, for the rail- 
way tracks on the north bank and a mid-chiannel 
clearway for navigation, vpuld still further com- 
plicate its construction. 

We risk nothing in saying that in all the his- 
tory of the human race, no structure has ever 
yet been erected to carry such a stupendous load 
at such a towering height. 

The only possible alternative that we can see 
to the erection of such a centering would be to 
erect first a comparatively light steel or rein- 
forced concrete arch, on centering which, ‘hough 
of equal height to that just described, wou! have 
comparatively moderate loads, and then proceed 
to build up the complete arch with the first arch 
as a support. Such a plan of erection would be 
wholly without precedent, would involve srave 
uncertainties as to the distribution of stresses in 
the final structure and ought by no mins te 
be undertaken without the most thoroug! °x@m- 
ination and expert criticism. 

There are, indeed, cases in engineeri': work 
when risk is entirely justifiable. In | joneet 
work for example, it is often better to uild @ 
bridge which is close to the limits of =) °'y if 
available funds and materials make it 
rather than let people run the greater ' isk of 
fording a stream. 

No thought of “any such consideratie enters 
into the design of the Hudson Memori«! bridge 


— 
| 
i 
‘ 
3 
a 


or 
‘ ty 
rf r- 
in d 
$1 is 
ha 
co) C- 
Pp he 
‘im ne 
ts ri- 
nex ty 
xX pr ce 
eal the 
specula- 
ich rger 
ical man- 
expan- 
uring the 
nh relation 
exception, 
proposed 
elf built 
a compli- 


ny of the 


preceding 
arch ring 
le manner 
ust be ac- 
completed 
fe and not 
it. 

dous task 
le Support 
f Nov. 21, 


ek, a tidal 
some 40 
an equal 


solid rock 
wn of the 
centering 
ck would 
it the alti- 
buildings. 
carry the 
load upon 


tempo- 
de; a load 
The nec- 
the rail- 
id-channel 
rther com- 


ll the his- 
» has ever 
ndous load 


ye can see 
ould be to 
or rein- 
ch, though 
would have 
en proceed 
» first arch 
1 would be 
grave 
stresses in 
to 
ugh) exam- 


rine work 
in joneer 
to iild a 


r safety, if 
n ssary, 
rer risk of 


Hiern enters 
rial bridge. 


')-cember 19, 1907. 


ENGINEERING NEWS. 


O81 


In (ot. it is as a Monument rather than a bridge the strongest advocates of concrete will admit the nated broadcast throughout the country that the Bureau 
that ‘he strueture is now projected. There is no advantages of stone, not only structurally but  imtends to confine competition to manufacturers only, by 
trafl now across the valley at the bridge site, from the viewpoint of beauty and monumental  '*fsins to consider bids from the wholesaler, jobber, re- 
and traffic which in future years would uf- effect. The best building stones are far stronger middleman. 
dou!’ dly seek a bridge at this point could be than concrete. An arch ring of given size, espe- 
clude any reputable dealer from bidding on naval sup- 
we ind more safely accommodated by a struc- cially where live-load moments are vanishingly plies. All bids from such persons will be given the 
ture of conservative design and more moderate small, as here, so that tensile resistance never came consideration, and in each case award will be made 
cos comes into play, can therefore be made consid- to the lowest formal responsible bidder. By reason of 
\ lready recorded in these columns the orig- erably thinner of stone than if made of concrete. the onerous requirements under the old form of con 
inal csign for a bridge at this point to be erected The weight of the arch ring would therefore be tract, many responsible firms were unwilling to deal di- 
as « monument to the memory of Henry Hud- reduced almost correspondingly, and, as this is  ectly with the Bureau. By removing these onerous 
son was for+a bridge with a steel arch of 825 one of the largest fractions of the total load, CoMditions it is hoped that such firms will bid directly 
ft in. The plans for this structure were re- _ still further saving in the ring thickness could be [" the Navy paged and, by sateey widening compe- 
ject) d by the City Art Commission on the ground effected. It is apparent that the falsework dif- 
th , steel arch had not the certainty of long ficulties would be much reduced by the lighter + ' ib B. Rogers, 
life that a structure designed to be a lasting weight of the ring. Still more important, in Paymaster-General, U. 8. N. 
monument should possess. It was then that the our opinion, is the elimination of the shrinkage Washington, D. C., December 14, 1907. 
responsibility of designing a permanent structure troubles and attendant difficulties which must ----- --- @ = aoa 
fell to the Department of Bridges, and the de- beset the construction of the concrete arch. Fin- 


sign for the 708 ft. concrete arch was evolved. 

It is not our purpose, here to say what design 
should be adopted for this Hudson Memorial 
bridge. Steel arches of great beauty have been 
built; we may mention notably the Alexander 
Bridge over the Seine in Paris, and the Wash- 
ington Bridge, only a short distance from the 
Hudson Memorial site. We sympathize, how- 
ever, with the desire to choose the most durable 
of materials for a monumental structure, and it 
seems to us possible to build a masonry bridge 
at this site which should be bold and architec- 
turally pleasing without transcending the limits 
set by engineering knowledge and experience. 

The design we have criticized adopts a maxi- 
mum span; that is, a length of span which gives 
practically surface foundations. As already said, 
the result is a bridge in which the length of span 
is so great as to make its construction a venture- 
some experiment. The whole of the difficulty en- 
tailed by masonry arch construction has been’ 
thrown into the arch, and none into the foun- 
dations. Had the designers, by /using river 
piers, put even half as severe a demand on the 
foundation-builder as upon the arch builder, 
they would have secured a compromise design 
much nearer the present-day limits of arch con- 
struction, 

A second point of criticism is the selection of 
concrete in place of stone for the arch. Even 


ally, the elimination of the imbedded steel, made 
possible by the higher strength of the stone, re- 
moves a further source of uncertainty, not to 
mention cost, in the construction of the arch 
ring. 

On every count, it seems to us, the stone arch 
claims preference over the concrete arch for the 
bridge in question. Whether it was considered 
or why it was rejected, we are unable to say. 
Perhaps its greater cost defeated it. But the 
cost consideration was already thrown to the 
winds in the rejection of the steel arch; for the 
concrete design contains enough reinforcing 
steel alone to build the entire arch of steel. 


LETTERS TO THE EDITOR. 
Concerning Bidders fer Navy Department Contracts. 


Sir: The Bureau recently forwarded to certain manu- 
facturers—160 in all—a circular letter explaining the re- 
cent improvement in the contract business of the Navy 
Department as regards: (a) waiving of bonds and con- 
tracts on proposals less than $500 in value; (b) unload- 
ing, at Government expense, deliveries at navy yards; 
(c) obviating delays in payment for deliveries made, and 
(d) abolishing 10% reservation from value of deliveries, 
etc., with a view to encourage competition, thus elim- 
inating certain objectionable features of bidding. 

This letter has been given widespread attention through 
certain mediums—trade journals, jobbers’ associations, 
ete.—and the impression has been created and dissemi- 


Why B Do Some Structures Stand ? 


Sir: Your editorial in Engineering News of Decem 
ber 12 in which you say, ‘“‘there is often as much te be 
learned from a structure which transgresses accepted 
rules of design and still stands up as from one which 
falls down,”’ greatly interested at least one of your 
readers. 

Some twelve or fifteen years ago the writer was asked 
to report on the strength of some roof trusses. The 
trusses were a curious combination of cast and wrought 
iron. They were built in the ‘T's, but beyond that 
little was known of their origin. With a liberal charity 
in the matter of unit stresses they could not be found 
to have a factor of safety much greater than two. The 
trusses were consistent in that they were of equal 
strength or weakness in all their parts. 
of the report was, ‘‘the trusses are liable to fall down 
at any time.’’ This report displeased the owners who 
were trying to sell their property and they dismissed it 
with the remark, ‘‘the roof has stood up for 35 years 
and we guess it is good for some years to come.’’ And 
it did last for seven years more. One February there 
came an unusual fall of snow—a blizzard in fact, and 
the trusses collapsed. Here again was consistency. The 
roof for the entire area dropped as if it was one piece. 
It was in the night, so there was no loss of life, but 
the machinery underneath was damaged. But what held 
up that roof for 42 years? 

The designer in structural steel is continually meeting 
similar problems. Two iron highway bridges with the 
joists laid transversely to the roadway and resting on 
the lower chord bars come to mind. These two bridges 
have stood up for nearly thirty years. Within five miles 
of these bridges is a railroad bridge built about the 


The conclusion 
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I P W = 20,000 and R = 18,000. First a straight e is 
Inches . passed through the given values of and K, the 
wed 150 __ 250 300 350 400 intersection with X Y, the middle line of the 
noted. This intersection continued in the ‘‘b”’ 
‘ represents the product of l and K. The pri: 
— 47 which this multiplication is done will be underst 
the following explanation. 
—¥ Referring to the sketch, Fig. 3, let AC and be 
de \ x two parallel lines proportional to log and 
\y \/ spectively. The line F H is drawn parallel to nd 
* DE, at a distance m from D and km from 4 The 
A \Y Ne 1 \ line A D is drawn, intersecting F H at F. 
| PRA = DE + (AC — DB) : 
* Equation : R , / ME 7 / log. a2 +k log.y 
Example illustrated : Find when / / k+l 
Re 18,000 lbs. per sq.in. x \A \ x / log = | 
/ \ By taking k equal to the ratio of the powers 
| any combination of powers under the radical may be 
Me % Ye “4 Yo 1 obtained. For instance, if we want a*y*, let k 


K 
FIG. 2. PROCEDURE FOR SOLVING BEAM FORMULA. 


same time in which 3-in. pins and less are used in the 
packing of 6-in. chord bars, 

Some steel mill buildings are flagrant transgressions 
of standard specifications. Plate girders carrying trav- 
eling cranes are often deficient in lateral stiffness and 
in details. 

In many cases the loads for which the structure is 
supposedly designed do not come upon it. This is prob- 
ably the reason why the highway bridges or the crane 
girders mentioned above do not fail. In other cases 
the assumptions made are in error. How many steel 
mill buildings would be standing today if some of the 
methods of figuring wind stresses presented in Engineer- 
ing News the past three or four years are correct? 

There is still a large number of existing structures in 
which we ask almost hopelessly, ‘‘What keeps them up?”’ 

Yours very truly, 


R. F. 
New York City, Dec. 13, 1907. 
Three Scale Logarithmic Computing Paper For Solving 
Formulas, 


Sir: The design of cross-section paper shown in the 
drawing herewith (Fig. 1) may prove of interest, 

It will be noted that the lines run in three directions, 
meeting at angles of 60°, and that all three sets of 
lines are spaced logarithmically, starting from the lower 
left-hand corner, as origin, in each case. For con- 
venience in referring, the horizontal lines will be called 
“a’’ lines, the oblique lines running from the lower 
left-hand corner to the upper right-hand corner will be 
called “‘b’’ lines, and those running from the upper left- 
hand corner to the lower right-hand corner will be 
called ‘‘c’’ lines. The inner scales on the top, right-hand 
side, bottom and left-hand side will be designated as A, 
B, C and D respectively. 

This arrangement of lines and scales serves as a de- 
vice for the addition and subtraction of logarithms, and 
consequently for multiplication and division. For in- 
stance, to multiply 20 by 6 (Fig. 1), find 20, say, on the 
D seale, and follow in ‘‘a’’ direction, i. e., along an 
“a’’ line, to the ‘‘b” line corresponding to 6 on the C 
scale. From this intersection follow in ‘‘c’’ direction to 
the result, 120, on either the A or the C scale. By a re- 
versal of this process division can of course be performed. 
it will be seen at once that by combining two or more of 
these multiplications or divisions, we have a method 
for the graphical solution of various equations. 

The auxiliary seales, BE, F, G and H, Fig. 1, are added 
to aid in the solution of equations containing squares, 
square roots, reciprocals, ete. Scales E and G are twice 
seales A and C, and therefore transferring from A or 
C to KB or G gives the square root, and transferring 
from E or G to A or C gives the square. Scale F is 
one-half scale B, and hence transferring from B to F 
gives the square, and from F to B gives the square root. 
Seale H is the same as scale D, except that it is re- 
versed, i. e., plotted from the top downwards. There- 
fore transferring from C to H, or from H to C, gives 
the reciprocal of the original number. 

The examples shown in Figs, 2, 4 and 5 will serve to 
illustrate how formulas of various types may be solved 
by use of this paper. These figures are not intended 
to be used as charts for the practical solution of the 
equations illustrated, but merely to indicate in a dia- 
grammatic way the arrangements for their solution. 


Fig. 2 shows the arrangement for the solution of the 
formula, 


I 


for the section modulus of a beam, in which K is a 
constant depending upon the form of beam, W is the 
weight on the beam in pounds, 1 is the length of the 
beam in inches, and R is the allowable maximum fiber- 
stress in pounds per square inch, The length lJ is 
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Fig.3. 


plotted along scale E, the coefficient K along scale G, 
the load W along scale D, the fiber-stress R along scale 


I 
A, and the result — along scale B. More or less juggling 


of the formulas is often necessary in order that the 
various seales may be used to the best advantage. In 
this particular case the factor 5 was introduced in plot- 
ting J, and the factor \% in plotting R, thus making the 
result 2% times as large as it would otherwise be. 
This is allowed for in plotting the result on scale B. 
Let us take a numerical case in which K = 4%, 1 = 250, 


Then 


log -!a= yer 


In the present case, Fig. 2, we take km = m, | e, 
k = 1. Substituting in (1), 


log. = wy. 

The middle line, on which the product is read, {s 
plotted to half as large a scale as the original scales E 
and G with which we started. This squares the result, 
thus removing the radical from the last-given expres- 
sion. 

Now, having el A the product of K and lI, follow 
in the ‘‘b’’ direction to the ‘‘a’’ line representing W 


This gives K1W. Now follow in ‘‘e’’ direction to 
“b” line representing R, and then follow in ‘‘a’’ direc- 


tien to the result , or —, on scale B. 


c 
Fig. 4 shows the arrangement for the solution of the 
formula for the deflection of a helical spring of round 
wire. The equation is 
8 P DS 
Bas 
Where F is the deflection per coil in inches, I’ t} 
load in pounds, D is the mean diameter of the coil 
d is the diameter of the wire, and F is the tu 


modulus of elasticity. For convenience in plotting, th 
equation was put into the following form: 
—dp-: 
8 


01 
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FIG. 4. PROCEDURE FOR SOLVING FORMULA FOR DEFLECTION OF HELICAL SPR!.G 
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E 
rep! ting BE. This gives ——” Now follow in 


rection to the ‘“‘b’’ line representing P and read 
the result F in the ‘‘a’’ direction on scale H. 


variables are plotted. Lengths, for instance, may be 

plotted in feet and inches, and thus the time of changing 

from a mixed number of feet and inches to inches saved; 

in fact, this might have been done to advantage in 

Figs. 2 and 5. Perhaps the greatest advantage, how- 

ever, of this chart over the slide-rule is in the matter 
in Inches. 
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Fig. 5 shows the arrangement for the solution of 
Gordon’s column formula, 
fa 


P= 

r2 


in which P is the load in pounds, f the allowable maxi- 
mum fiber-stress in pounds per square inch, @ the area 
of a cross-section of the beam in square inches, O a 
constant depending upon the form of column, J the 
length of the column in inches, and r the radius of 
&yration in inches. 

It will be noted that this equation contains an addi- 
tion constant. Of course non-factorable equations cannot 
be baudled on this chart without the use of curves; 
but one or two simple and easily plotted curves will 


make solvable many formulas of this type. 

In t case 1 is plotted along scale G, r along scale 
E reciprocal of O (marked ©) is plotted along the 
re scale H, f along scale A, @ along scale A, 
= result, P, along scale C. The curve X Y is so 


‘oat transferring from an “a” line at its inter- 


with the curve to a ‘‘b” line increases the 
a quantity by 1. 


take as a numerical case: 1 = 250 ins., r = 
1 


20,000 f ibs. per sq. in., and 
sq. ins. Follow from given value of J in 


‘on to “a” line representing C. Then follow 
: rection to “b” line representing r, and follow 
- ection to an intersection with the curve X Y. 
: intersection follow in ‘‘b” direction to 

‘epresenting f and follow in ‘‘a” direction to 

r ae @ and read the result in “‘c’” direc- 

ie § 

, "ew examples have, I think, shown the possi- 
- this chart for use in the practical solution of 
Sincering equations. Its chief advantage over 


FIG. 5. PROCEDURE FOR SOLVING COLUMN FORMULA. 


of locating the decimal point. There are very few 
users of the slide-rule who are not at times bothered as 
to the location of the point. In solving an equation by 
this chart there can be no such difficulty, as the com- 
plete result is read directly. There is one location on 
the scale for 100 and an entirely different one for 
1,000. 

This chart is not offered as a general substitute for 
the slide-rule, but merely suggested as a better means 
of solving certain stock equations. “ 

Yours truly, S. Jay Teller. 

708 North 19th St., Philadelphia, Aug. 12, 1907. 


Notes and Queries. 

In the paper on ‘‘Peat Fuel,’’ by Mr. F. J. 
abstracted in the article on ‘“‘The Organization of the 
American Peat Society,’ which appeared in our issue 
of Oct. 31, the author was quoted as stating that the 
analyses of fuel gas from six samples of Mexican peat 
showed an average of 24.45 cu. ft. per ton of dry fuel 
and a maximum figure of 35.33. These figures as quoted 
should apply to thousand cu. ft. instead of cu. ft. Ex- 
pressed in the latter terms the values named should read 
24,450 and 35,300 cu. ft., respectively. 


AN OLD WOODEN BRIDGE across the Souhegan 
River, near Greenville, N. H., was destroyed by fire 
on Dec. 9th. The bridge was built in 1850 for what 
was then the Shirley & Peterboro R. R., a road af- 
terwards under the control of the Boston & Maine 


Bulask, 


R. R. It had a total length of 668 ft, in three spans 
and crossed a gorge about 100 ft. in depth. 


A MINE EXPLOSION in mine No. 1 of the Yolande 
Coal & Coke Co., at Yolande, 35 miles south of Birming- 
ham, Ala., on Dec. 16, killed at least 50 men and in- 
jured many others. There were 90 men in the nmsine at 
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« again to Fig. 83, substitute in Eq. (1) the ordinary graphical methods of solving equations is its the time of the accident and up to eight hours after- 
-%,e-d and y = D. greater simplicity. For simple equations no curves ward 30 bodies had been recovered and 25 men had been 
whatever are necessary and even for more complex equa- rescued alive. There has been as yet no satisfactory ex 
Ps : tions, involving addition or subtraction constants, trigo- planation of the cause of the explosion, but as the State 
log-'a= ze 4 nometric functions, ete., the necessary curves are Inspectors have recently declared the mine free from 
simple and easily plotted. Even very complex non- gas it is supposed that the accident was due to an ex- 
= oy-9 = OD-*. factorable equations containing several independent plosion of coal dust. As the fans were not damaged it 
raw a horizontal line three-quarters of the dis- yariables may be solved by the use of families of was possible to get them working soon after the explo- 
scale A to scale C, and plot d along’this curves. This chart is particularly well adapted to the sion, and it is probable that their efforts in cleaning out 
ng scale C, and read the product at scale A, colution of equations containing variables with frac- the foul air saved the lives of many of the men who were 
ons implied in equation (3) will be satisfied. tjonal exponents. A straight line drawn at the proper not killed by the first shock, 
} angle will give an ower that may be desired. Pape? Six men were killed in an explosion in the Dinas coal 
The of —, marked E, ts plotted along scale B, prgeh ped wil, be found tah useful in laying mine in Wales on Dec, 14. The disaster was caused by 
Yr scale A, and the result, F, along scale H. It out charts for finding the weights of wetted aa struc- a catagpeigntel disc harge He a blast upon the amtaee of the 
age ted that the result, according to the inverted tures, for computing shop costs, and in solving many mine, on account of which the top of the shaft was blown 
“ " 1 other similar problems. out and there was a great fall of rock into the mine 
bas the equation, would naturally be —, but the It may be argued that this chart is merely the slide- : *- - 
PF rule transferred to paper, and that the result is merely THE SEVEN-MASTED SCHOONER “Thomas W. 
we are using the reciprocal scale, H, inverts an awkward substitute. That it is to some extent a Lawson,’ the largest fore-and-aft vessel ever built, 
R g us F. substitute for the slide-rule is true, but it must be foundered in Broad Sound, Scilly Islands, just off the 
L ‘s take as a numerical case P = 200 lIbs., recognized, I think, that something is gained by the southwesterly tip of England, on Friday, Dee. 13. The 
} » 000,000 Ibs. per sq. in., D = 2 ins., and d = 0.3 substitution. In the first place, in the solution of Lawson was carrying oil from Philadelphia to London, 
: solving, first pass a straight edge through the most equations there will be fewer operations in the and had had a difficult passage since sailing from 
re alues of D and d and note the intersection on use of this paper than with the slide-rule. Then, too, port on Noy. 19. Reaching the Scilly Islands in heavy 
\. This gives d*D-* in one operation. From _ in certain cases time may be saved by the way the weather, Capt. Dow thought it best to cast anchor. The 
rsection follow in ‘‘b’’ direction to the ‘‘a’’ line 


storm increased to a hurricane, and while life-boats 


were endeavoring to rescue the crew of 18, the schooner 


capsized Only three of the men were saved. The 
Lawson was designed by B. B. Crowninshield of Boston, 
was 403 ft. in length, 50 ft. in beam and 34% ft. in 
depth. All steering and handling was done by steam, 


and lighting by electricity. 
1902. 
merchant 
built. 
ble. 


The schooner was built in 
was expected to create a new development in 
shipping, but no other seven-master has been 
Yet the vessel is said to have been highly profita- 


THE HYDRAULIC DREDGE “ILLINOIS,” recently 
built for the Lincoln Park Commission, of Chicago, for 
the improvement work on the lake front, was sunk dur- 
ing a storm on Dec. 9. The dredge was being towed to 
its winter quarters and was off 40th St. when it was 


swamped. There were 28 men on beard, but all were 
rescued by the tug. 
PERSONAL. 


Mr. G. S. McKinnon has been appointed Assistant Mas- 
ter Mechanic for the Canadian Northern Ry., with head- 
quarters at Winnipeg, Man. 


Mr. L. H. Taylor, late of the Truckee-Carson project 
of the U. S. Reclamation Service, has become Supervising 
Engineer with the California-Nevada Power Co. 

Mr. Robert Hoffmann, M. Am. Soc. C. E., has been 
appointed City Emgineer of Cleveland, Ohio, to succeed 
Mr. Wm. J. Carter, who has resigned to go into private 
practice. 

Mr. Wayne A. Clark has been promoted from Assistant 
Engineer to Chief Engineer of the Duluth & Iron Range 
Ry., to succeed the late Robert Angst, whose death is 
noted below. 

Mr. Walter P. Hall, of “Fitchburg, Mass., has been 
appointed by Gov. Guild, of Massachusetts, as Chairman 
of the Massachusetts Railroad Commission, 
Mr. Jas. F. Jackson, who recently resigned. 

Mr. D. C. Moon has been promoted from Assistant Gen- 
eral Manager to General Manager of the Lake Shore & 
Michigan Southern Ry., to succeed the late E. A. Handy, 
whose death was announced in this column on Nov. 28. 

Prof. J. P. Jackson, M. Am. Inst. E. E., who has been 
Professor of Electrical Engineering at the Pennsylvania 
State College, has recently been appointed to the position 
of Dean of the School of Engineering of that institution. 

Mr. William J. Carter, M. Am. Soc. C, E., who has 
been City Engineer of Cleveland, Ohio, for the past seven 
years, has resigned to open an office in the Rockefeller 
Building, Cleveland, for the general practice of civil en- 
gineering. 


to succeed 


Mr. Charles H. Kluegel, M. Am, Soc. C. E., has been 
appointed Territorial Engineer of Hawaii, with headquar- 
ters at Honolulu. Mr. Marston Campbell has been ap- 
pointed Superintendent of Public Works of the same 
territory. 

Capt. George M. Hoffman, Corps of Engineers, U. 8. A., 
has been detailed as assistant to Maj. Jadwin, on the 
Chagres Division of the Panama Canal. Capt. Hoffman 
has recently been on duty at Vicksburg, Miss., and Gal- 
veston, Tex. 

Mr. C. M. Hobbs, late General Manager of the Nevada- 
California Power Co., has resigned that position. Mr. 
David A. Chappell, who has recently been elected Presi- 
dent of the company, will assume also the duties of Gen- 
eral Manager. 


Obituary. 

E. B. Reynolds, one of the largest of the western rail- 
way contractors in the last quarter of the nineteenth 
century, died at his home in Wymore, Neb., on Dec. 7. 

Thomas J. Hurley, M. Am. Inst. Min. Eng., died at his 
home in Brooklyn, N. Y., on Dec. 13, at the age of 60 
years. He was connected with many mining and street 
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railway enterprises and was President of the Precious 
Metals Corporation, 

Sir William Thomson, better known to the scientific 
world as Lord Kelvin, died at his home in London on 
Dec. 17, aged 83 years. The distinguished character of 
his service in the fields of applied and pure science placed 
him among the foremost figures of his century. A more 
detailed biography will appear in our next week's issue. 


Marcellus Hopkins, President of the South Side Ele- 
vated R. R. of Chicago, died in Chicago on Dec. 7. Mr. 
Hopkins worked up through the Chicago & Northwestern 
R. R. into the street railways of Chicago, becoming 
General Manager of the South Side Elevated R. R. at 
its foundation, and was promoted from that position 
directly to the one he held when he died. 

William Bliss, President of the Boston & Albany R. R. 
for the last 27 years, died at his home in Boston on Dec. 
14. Mr. Bliss was born in Springfield, Mass., Dec. 11, 
1834. He entered railway work in 1865 as assistant to 
the President of the Western R. R. of Mass. and became 
General Freight Agent of that road in 1866. In 1872 he 
was appointed General Manager of the Boston & Albany 
R. R. and was elected President in 1880. 

Robert Angst, M. Am. Soc, C. E., Chief Emgineer of 
the Duluth & Iron Range Ry., died at Duluth, Minn., 
Nov. 30, 1907, at the age of 60. He was born at Wyl, 
Switzerland, on June 2, 1847, and came to this country 
in 1869. He entered at once into railway service, and 
became Chief Engineer of the Duluth & Iron Range Ry. 
in 1887. He gave particular attention to the design of 
the large ore shipping docks or piers required by the ore 
railways at the ports on the upper lakes. He is survived 
by a wife and seven children. 


Charles P. Matthews, Professor of Electrical Engineer- 
ing at Purdue University, died at Phoenix, Ariz., on 
Nov. 23. Prof. Matthews was born in Fort Covington, 
N. Y., on Sept, 18, 1867. He received his elementary edu- 
cation in Vermont and entered Cornell University in 
1888, graduating therefrom in 1892 with the degree of 
Mechanical Engineer. In 1901 he received the degree of 
Doctor of Philosophy from Cornell. After graduation he 
became instructor in physics and applied electricity at 
Cornell University and served in that capacity until 1896 
when he became Associate Professor of Electrical Engi- 
neering at Purdue University. In 1905 he was appointed 
to the head of the School of Electrical Engineering at 
Purdue. Prof. Matthews’ main professional work outside 
of his professional capacity was in connection with the 
National Electric Light Association, for which he di- 
rected all photometric investigations, preparing the vol- 
uminous report which they recently published, For 
these experiments he invented and patented an integrat- 
ing photometer. He was the author of several profes- 
sional papers in addition to being a collaborator with 
Professors Nichols and Schearer, of Cornell, and Ester- 
line, of Purdue, in text-books in physics and electricity. 
He was a member of the American Institute of Electrical 
Engineers. 


Thomas Fitch Rowland, one of the distinguished figures 
in American engineering, died at his home in New York 
City on Dec. 13, at the age of 76 years. Mr. Rowland 
started his engineering work as fireman and engine 
driver for the New York, New Haven & Hartford R. R., 
leaving this to become an engineer on a steamboat plying 
between Hartford and New York. In 1852 he entered 
the Allaire Iron Works in New York as draftsman, 
which position he resigned in 1853 to become General 
Superintendent of the Atlantic Dock Iron Co., of Brook- 
lyn. In 1859 he established at Greenpoint, N. Y., an 
iron works of his own, which in 1887 he incorporated as 
the Continental Iron Works and of which he became 
President and General Manager, He was very prominently 
connected throughout the Civil War with the iron con- 
struction work of the United States, building for the 
Government gun carriages and ship fittings. His crown- 
ing work during the war was the construction in 1862 
of the famous “Monitor,” after the designs of John 
Ericson. Mr. Rowland was a member of many engineer- 
ing societies, but was more prominently connected with 
the American Society of Civil Engineers, of which he 
was one of nine honorary members, and the American 
Society of Mechanical Engineers, of which he was a past 
vice-president and a life-member. He was also the 
donor to the American Society of Civil Engineers of an 
annual prize, known as the ‘Thomas Fitch Rowland 
Prize, for papers describing in detail accomplished works 
of construction, their cost, and errors in design and 
execution. He is survived by a wife and three sons. 


ENGINEERING SOCIETIES. 
COMING MEETINGS. 


AMERICAN ECONOMIC ASSOCIATION. 
Dec. 28-31. Twentieth annual meeting at Madison, 
Wis. Secy., Winthrop M. Daniels, Princeton, N. J. 


FOR THE ADVANCEMENT 
sc 
Dec. 30-Jan. 4. Annual meeting at University of Chi- 
L. O. Howard, Cosmos Club, Washing- 
on, D, C, 


AMERICAN SOCIETY OF CIVIL BNGINEERS. 
Jan. 15. Annual meeting at New York City. Secy., 
Chas, Warren Hunt, West 57th St., how York 
City. 


ILLINOIS SOCIETY OF ENGINEERS AND SURVEY- 
OR 


Ss. 

Jan. 15-17. Annual meeting at Gone. Ill. (Uni- 
versity of Illinois). Secy., E. E. Tratman, 1636 
Monadnock Block, Chicago. 


INDIANA ENGINEERING SOCIETY. 

Jan. 16-18. Annual meeting at Indianapolis. Secy. 
Charles C. Brown, 408 Commercial Club Building, 
Indianapolis. 


NATIONAL ASSOCIATION OF CEMENT USERS. 

Jan. 20-25. Fourth annual convention at Buffalo. 
President, Richard L. Humphrey, 1001 Harrison 
Bldg., Philadelphia, Pa. Convention Manager, Dai H. 
Lewis, 760 Main St., Buffalo. 


WOOD PRESERVERS’ ASSOCIATION. 
Jan. 21. Fourth annual meeting at Kansas City. Secy., 
Cc. W. Berry, Laramie, Wyo. 


AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING 
Jan. 21-2 Annual meeting at New York, Engineering 
Soc ies Building, 29 West 39th St. Secy., WwW. M. 
Mackay, 29 West 39th St., New York. 


NATIONAL SOCIETY FOR THE PROMOTION OF IN- 
DUSTRIAL EDUCATION, 
Jan. 23-25. Annual meeting at Chicago. Secy., C. R. 
Richards, Columbia University. N. Y. 


THE NEW YORK RAILROAD CLUB will hold its 
Christmas smoker and social reunion at the Engineering 
Societies Building, 29 West 39th St., on the evening of 
Dee. 20. 


SOCIETY OF CHEMICAL INDUSTRY (New York Sec- 
tion).—There will be a meeting of the section at the 
Chemists’ Club, 108 West 55th St., on Dec. 20, 8.15 p. m., 
at which Mr. Maximilian Toch will present a paper on 
“Photography in the Colors of Nature, with Special 
Reference to the New Lumiere Process.’’ 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE.--At the annual meeting in Chicago a 
special meeting of engineers and mathematicians is to 
be held under the joint arrangements of Sections A and D 
of the Association and the Chicago section of the Ameri- 
can Mathematical Society. This will include two ses- 
sions to consider subjects as follows: (1) The present 
status of the teaching of mathematics to students of en- 
gineering, both in this country and abroad. (2) What is 
needed in the teaching of mathematics to students of en- 
gineering: (A) What range of subjects; (B) To what ex- 
tent in the various subjects; (C) By what methods of 
presentation; (D) What should be the chief aims. The 
joint sessions will be held in the Ryerson Physical Labo- 
ratory, of the University of Chicago. 


THE CONCRETE ASSOCIATION OF AMERICA.—This 
association, which is composed of men who are engaged 
in developing the correct use of concrete, has recently 
opened a permanent exhibition of concrefe and cement 
products at the Brunswick Building, Fifth Ave. and 27th 
St., New York. The primary purpose of this exhibition 
is to show the architect, the builder and the owner who 
may have certain prejudices against the use of concrete 
in any but mass work, that the artistic and scientific 
treatment of the material has reached such a stage that 
it is not only safe and economical, but that it can be 
made beautiful. Particularly is the purpose of the show 
to demonstrate to the incredulous architect that he can 
build out of concrete, structures which will suit the most 
esthetic taste. The exhibit comprises many model build- 
ings and sections of buildings, portions of columns and 
beams, examples of surface finish and parts of cement 
laboratories. A permanent secretary is in attendance 
and will be glad to assist visitors in gaining any informa- 
tion not evident from the exhibits. 


ILLUMINATING ENGINEERING SOCIETY.~At a 
meeting of the New York Section on Dec. 12, Mr. Bassett 
Jones, Jr., presented a paper on ‘“‘The Relation of Archi- 
tectural Principles to Illuminating Engineering Practice.”’ 
The object of the paper was evidently to correct a con- 
dition which too many architects seem to feel is wide- 
spread. This was expressed in one early paragraph of the 
paper: 

The engineer has unfortunately little opportunity of 
learning to appreciate beautiful things and iis limitation 
in this regard often leads him unduly to accent what 
he terms ‘‘practical considerations.’’ He sometimes for- 
gets that there is an essentially pragmatic purpose at the 
basis of all true art and that the esthetic emotions are 
increasingly important as man reaches the higher stages 
of mental development. 

The first two thousand words of the paper formed an 
elucidation of the nature of esthetic feelings and quali- 
ties. However, the portion of the paper on architectural 
principles, and on the laws of proportion and of orna- 
mentation, was more useful in showing the limitations 
which architects place on the illumination schemes and 
which it must be admitted engineers oftentimes disre- 
gard. 

In this paper such an extreme position was taken in 
regard to the dictates of the architect that an engineer 
associated on the design of a structure would have little 
left to do with the lighting except to compute the amount 
of the feeble light which the architect would allow and 


to find the high degree of inefficiency at which 
ing was attained. In spite of the great len, f the 
paper rather too few suggestions were made 
methods to be pursued, to agree with the 
ideas of fitness. 

The discussion afforded several architects 
tunity to express their opinions of the engine: ful- 
ness in the field of art. It was to be expected 
would further criticise the work of enginee; 
seemed like a descent to mere vituperation wh. 
stated, for instance, that an engineer’s ideas 
were best embodied in ornate glittering stamped 


pu 
brass in grotesque form and arrangement. i 

That some architects hold a more reasonab|: of 
the engineer's ability and usefulness was show the 
discussion by Mr. 8S. W. Jones, Architect, N. ork 
City. He divided the common work of archi'. and 
engineers into two classes: (1) those moder: uc- 
tures in which it is always necessary to consid leir 
utility and subordinate the historical treatment; (_ uc- 
tures in which the historical treatment is pred unt 
and in which the desired utility can always be ned 
without any sacrifice or distortion of architectur: fect. 
In the first class the engineer’s requirements mus’ and, 


in the latter the architect’s views must prevail. 


AMERICAN INSTITUTE OF ELECTRICAL © \GI- 


NEERS.—On Dec. 13 Mr. H. H. Wait, Assistant EF). ‘rical 
Engineer, Western Electric Co., in a paper tled 
“An Exhaust Steam Turbine Plant,’’ described a | ower 
installation at the mill of the Wisconsin Steel Co. south 
Chicago, lll. Here a low-pressure Rateau tur- 
bine utilizes the exhaust from a reversible rolli mill 
engine. This engine when running showed an aver ice of 
1,010 I. HP. and a steam consumption of 54 !he per 
average I. HP. during actual running. This engi: ikes 
steam for nearly full stroke when starting the sses 
and runs on very light load the rest of the time. The 
HP. and the torque are very high on starting. 

The steam passes from this primary engine ‘to a re- 
ceiver, thence to an accumulator, and from there to 


the turbine and condenser. The receiver consists of a 
vertical tank with numerous baffle plates and is provided 


with oil and water drains. The accumulator consists of 
a large horizontal cylindrical tank divided by a diaphragm 
into two decks, in each of which are a number of per- 
forated steam pipes immersed in water. The sieam is 
sprayed through the mass of the water and gives up 


some of its heat to the water, depending on the con- 
densation. Should the steam supply drop the pressure 
in the accumulator must drop, and under such a reduc- 


tion the water at a temperature corresponding to the 
former pressure gives off steam. The normal operation 
is at about 2 Ibs. above atmospheric pressure. The size 
of the accumulator is such that the turbine will operate 


for some seven minutes before live steam is admitted to 
the accumulator. 

During three months in which the steel plant was run- 
ning at nearly full capacity the turbine delivered an 
average of 51% of the total KW.-hrs. possible at full 
load for this time and at a cost of about 0.3 of a cent 
per KW.-hr. 

The discussions of the evening turned on the paper by 
Mr. W. S. Finlay, Jr., Assistant Engineer to the Super- 
intendent of Motive Power, Interborough Rapid Transit 
Co., New York City, on ‘‘The Ratio of Heating Surface 
to Grate Surface as a Factor in Power Plant Design.” 
The theory advanced was, in brief, that great increase in 
boiler capacity can be obtained, without materia! sacri- 
fice in efficiency, if there is a proportional increase 
in grate surface. It is considered possible that in in- 
creasing the grate surface that the conditions for com- 
bustion, heat distribution and transfer could be much 
improved. Features of a change made at the 5!)th St 
plant of the Interborough Rapid Transit Co., New York 
City, was outlined as following this theory. Under the 
mud drum of each of 18 water-tube boilers a second 
stoker was installed. The boiler capacity was increased 
71% with no loss in economy. At 80% increased strain- 
ing capacity the boiler efficiency was lowered only 2 oF 
3%. Mr. Finlay claimed that by such increase in grate 
surface the first cost of a plant would be cu: down 
19 or 20% and that total operating expenses would be re- 
duced from 5 to 10%, depending on the load factor of the 
plant. 

The discussions were in general quite unfavorible to 
the theory. Prof. C. E. Lucke, of Columbia Un' versity, 
in analyzing the results of the tests at the Inter)orough 
station stated that some conditions not state’ in the 
paper might reverse the cost reductions quote: as a0 
instance it was stated that an appreciably hic cr fue 
temperature under furnace conditions outlined w«1!d ma- 
terially increase expenses. 

Mr. J. B. Sparrow, Chief Engineer, New Yor Edison 
Co., stated that the data in Mr. Finlay’s paper «peared 
to show a fair performance under single stoke peration 
and a poor one with the double stoker arrang «ot. At 
the Edison plant a greatly increased rate o! | e] com- 
bustion had been maintained. with increased ‘ler © 
pacity and with littly decrease in combined ‘ency 
the boiler if the operation was majntaine? «rely # 
peak loads. 
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